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At the general meeting held at Hiroshima on October 
14, 1955, the Botanical Society of Japan has decided to 
issue the special number in autumn of 1956 commemorating 
Dr. Yudzuru Ogura’s long and earnest service to our Society 
as the president from 1946 to 1955 and celebrating his 
sexagenary birthday. Many articles have been contributed 
by the friends and pupils of Dr. Ogura, and they are 
compiled in the present and the next numbers of the 
Botanical Magazine (Tokyo) as ‘Ogura Commemoration 


Number ”: 
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Observations on Sexual Reproduction in a Chlamydomonas* 


by Yoshihiro Tsuso** 
BE FH: FFT FEF AOAPEEMAIC OV COME 
Received November 11, 1955 


Heterothallic strains of a unicellular green alga, Chlamydomcnas sp. 24,*** were 
isolated in 1952 by the acetone method®) from soil of a rice field at Sasayama, 
_ Hyogo prefecture, Japan. Before genetic investigations could be carried out with 
this organism, it was necessary to study some of the factors controlling sexual re- 
production: such studies have been made for other species of Chlamydomonas® 1.1. 
1) The following observations relates specifically to the nutritional control of 
gamete-formation and copulation in Chlamydomonas sp. 24. 


Morphology 


The cells are broadly ellipsoidal or subspherical (Fig. 1, A-T). The central 
nucleus is surrounded by a massive cup-shaped chloroplast, containing a round 
pyrenoid at one side. A rod-shaped stigma is present at the equatorial level. Two 
flagella are 1-1.5 times as long as the cell and born at the apical end, originating 
at a wedge-shaped papilla, beneath which lie two contractile vacuoles. Vegetative 
cells are ca 154x10u (Fig. 1, A,B), and gametes ca 7ux5m (Fig. 1, F, G). Copu- 
lating gametes mate in “ vis-a-vis” pairs, with their wedge-shaped papillae at right 
angles (Fig. 1, J-L): a protoplasmic bridge can be seen between the copulants 
(Fig. 1, J) just like those reported by Lewin and Meinhart in Chl. moewusii. 

- These gametes ultimately fuse after withdrawing their flagella (Fig. 1, L-P), and 
form a round zygote (Fig. 1, Q-T). A thick verrucose zogote wall is ultimately 
formed beneath the primary zygote membrane (Fig. 1, Q-T), which is stained specifi- 
cally with Schiff’s reagent as observed in Chl. moewusii by Lewin®. The swarmers 
are always endowed with cell walls which are characteristic of cellulose. A mature 
zygote freed from the primary membrane is green, and measures 10-15 w in diameter 
(Fig. 1, T). It takes at least a week for maturation. ’ 


* A contribution from the Biological Institute, Faculty of Science, Kobe University. No. 36 
** Biolog. Inst., Facult. Sci., Kobe Univ., Kobe, Japan. (ie ue {AEs yews) 
**k Specific identification is uncertain. The species shows close affinities with Chl. moewusii 
Gerloff, from which it differs chiefly by the smaller size of its cells. The two species are not 
compatible in any combination (Lewin, personal communication). 
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Fig. 1. Chlamydomonas sp. 24 (x 1500) 
A, B; Vegetative cells: C-E; Dividing stages: C; An early stage of cell division: 
D; Division into 4 cells: E; Division into 8 cells: F, G; Gamete cells: H-L; 
Mating of gametes, a protoplasmic bridge can be seen between the copulants (J): 
K; A schematic representation of a “vis-a-vis” pair at a right angle with wedge- 
shaped papillae; Flagella are not drawn: M-T; Maturation of zygote; membrane 
indicated with + in Q-T is the primary zygote membrane. 


Reproductive Differentiation 


This alga can be grown under constant illumination from fluorescent tubes (1500- 


2000 lux) at ca 23°C. in the following medium (pH 6.5). 


Composition of medium (mg/1000 ml, dist. water): 
NH,NOs;, 400; MgS0O,.7H,0, 100; KH2PO,4, 100; CaCly, 50; 
FeSQ4.7H20, 10; CoCl2.6H,0, 0.50; MnCl2.4H,0, 0.39 ; 


January 1956 Bot. Mag. Tokyo, Vol. 69, No. 811 3 


H3BO3, 0.60; ZnSO,.7H,0, 0.06 ; CuSQ,.5H,0, 0.006 ; 
H3P03.12Mo003.6H20, 0.003; Sodium Citrate, 200. 
Solid media are prepared with 1.0-1.5% agar. 


The present species is isogamous and heterothallic. Cells of opposite mating 
types, when transferred from agar slant cultures into liquid medium, become motile 
in a few minutes, but no copulation can be observed immediately after mixing. In 
mixed growing cultures, no mating pairs are found until the end of the exponential 
growth phase, 6 or 7 days after inoculation. The observations drawn in Fig. 2 show 
that the occurrence of reproductive differentiation is intimately correlated with 
growth. Cells of opposite mating types were mixed in 10ml. media in test tubes, 
incubated under constant illumination. Then periodic observations were made with 
the algal suspensions. If cells became sexually active, one could expect their auto- 
matic copulation in the growing cultures. Cell-numbers were counted by using a 
haemocytometer. Separately, in order to calculate the percentage of each cell stage 
in the algal population, a small drop of the culture suspension was removed on a 
slide-glass and fixed with aceto-carmine. Then the respective numbers of smaller, 
larger and mated gametes were counted under the microscope. A mature zygote 
was recognized as being resulted from two gamete cells. 
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Fig. 2. Gametogenesis and copulation in a mixed growing culture: —@-—~; Larger 
cells: —CQ—; Free smaller cells which are characteristic of being gametes: —A—; 
Mated gametes: --x--; Cell-numbers in the culture, 


Inasmuch as the appearance of sexuality seemed to be caused by the depletion 
of something limiting to growth in the medium, further investigations were made 
on this assumption. 

When cells of opposite mating types are washed with distilled or tap water and 
resuspended in water, they become fully gametic within 24 hours, and active copu- 
lation can be observed shortly after they are mixed. The depletion of nitrogen 
from the medium was found to result in abundant sexually active cells, and further, 
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light was found to promote this process. Table 1. shows the relation between 
abundance of gamete-formation and nitrogen concentration in the medium. Equal 
quantities of washed cells were transferred into media containing various concent- 
rations of ammonium nitrate, and the suspensions were kept under constant illumi- 
nation. After 24 hours occurrence percentage of gamete-formation was estimated 
by counting the respective numbers of smaller and larger cells in each medium. It 
is apparent that the more nitrogen in the medium, the less gametes are produced. 


Tile bac Garibeeiatiatentnd In the absence of assimilable nitrogen, 


Nitrogen Concentrations almost all cells began to divide into 8 smaller 
ee | Veastative i Gamete daughter swarmers all of poco were pyc 
ae (smaller) On the other hand, in a medium containing 
mg/l oe % | assimilable nitrogen which allowed growth 
oN a - to continue, cells tended to divide to form 

400 86.0 14.0 
| 40 | 79.4 20.6 | only 4 cells, which on liberation showed no 
| 4 23.9 76.1 | sexual activity. In both conditions division 
0.4 2.3 97.7 is presumably mitotic. Larger cells in the 
ue 6.1 93.9 exponential phase of growth divided into 
| ? a ape smaller ones and were gametic, which could 


be confirmed by observing the gradual 
changes of the population within a mixed suspension in nitrogen depleted medium 
(Fig. 3). Furthermore it was noticed that 10-20% of the cells, though they were of 
the smaller size that was characteristic of being gametes, yet never showed any 
sexual phenomenon in the early periods (Fig72.3). 
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Fig. 3. Gradual changes of the algal population in a mixed suspension under a 


nitrogen depleted condition: —@— ; Vegetative cells: —O—; Free gametes: —A—-; 
Paired gametes. 


Another experiment was designed to test the influence of nitrogenous medium 
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on the sexual activity of gametes. Cells of opposite mating types were incubated 
separately in a nitrogen-free medium for 15 hours under illumination, and equal 
volumes were then mixed and suspended in a dilute solution of KNO3, NH, Cl or 
KCl to a final concentration of 0.008M. It had previously been observed that in 2.5 
hours almost all sexually active gametes linked tightly by protoplasmic bridges and 
no more copulation could be expected. After the 2.5 hours the numbers of vegeta- 
tive cells, free gamtes and paired gametes in each suspension were determined as 
before (Table 2). 


Table 2. Gametic Activity in Solutions of Salts 
It appears that not only gamete- 


| Salts Vegetative Free Paired | formation but also copulation of 
(0.008M) ie ae eae | gametes is inhibited in the presence 
fed ws, ede) neat iby of assimilable nitrogen. 
KCl 13.8 36.1 50.1 | The sexual activity of gametes 
KNO3 IES Sih 3.4 15.1 | kept in nitrogen-free media gradually 
NHAC! 14.2 58,8 1872 decreases if they fail to copulate. 


However, a large number of mating 
pairs can readily be obtained by suspending cells of each mating type separately 
in a nitrogen-free medium, and illuminating them for 24 hours before they are 
mixed. In the continued absence of nitrogen, zygote become progressively paler in 
the course of time, and finally die. Fully matured zygote can only be obtained, if 
they are transferred into a nutrient medium under normal growing conditions. 


Discussion and Conclusion 


Studies on the life-cycle of Chlamydomonas spp. have already been made by many 
workers?213), In most cases, a vegetative and a generative phase can be distinguished : 
this is true also for Chl. sp. 24. Though in many organisms reproductive differen- 
tiatiation can be induced by transferring the cells into distilled water or to the 
conditions of starvation as observed by Klebs and other investigators!4/2", the 
mechanism of such a change has not been clarified. As reported above, sexual 
activity could be induced in Chl. sp. 24 by transferring cells into media deficient in 
nitrogen, and copulation of gametes was inhibited in the presence of assimilable 
nitrogen. But it remains yet to be shown whether or not the inhibitory effects of 
nitrogen on gamete-formation and on copulation of gametes are to be attributed to 
the same physiological mechanism. 

Judging from the fact that sexuality appears under a certain condition of 
medium, the appearance of this character tells a need of some physiological conditions 
with the organism. Sager and Granick™ reported in their studies on Chl. reinhardi, 
that the depletion or supply of nitrogen had an essential role in controlling the 
differentiation or dedifferentiation of sexual activity in the presence of assimilable 
nitrogen in its sexuality. In Chl. sp. 24 as well, the dedifferentiation of sexual 
activity in the presence of assimilable nitrogen is most probable. Then it should 
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be attentioned that the loss of sexual activity could occur in a very short time 


without and noticeable enlargement or division of cells. 

Accoording to Lewin, sexually active gametes of Chl. moewusii aud of Chl. sp. 
24 (personal communication) were readily obtained by flooding the cultures with 
distilled water, which had been grown on the surface of agar for 3-4 days and then 
kept in the dark for 24 hours. The present author has confirmed this observation 
in the latter species. Gametic activity was high in 15-30 minutes after flooding, 
but was lost when such a suspension was allowed to stand for several hours. 

Thus it appears that sexual differentiation in Chl. sp. 24 is closely bound up 
with growth, and a method has been evolved for obtaining active gamete suspen- 
sions. It remains to be shown whether in this species sexual behavior is controlled 
by a hormonal mechanism as has already been described in Chl. eugametos by 
Moewus!, 

The writer is deeply indebted to Dr. R. A. Lewin of the Maritime Regional 
Laboratory, Halifax, N.S., Canada, for much advice and suggestions and to Dr. H. 
Hirose of Kobe University for valuable council from his wide experiences in 


phycology. 
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On the Standing Crop and Productive Structure of 
Phytoplankton Community in Some Lakes of 
Central Japan 


by Shun-ei ICHIMURA* 


THN BR: WPA y 7b yO Rs LOEB 


Received 10, 10 1955 


As a first step to sudy the plant community socio-ecologically, it is necessary 
to determine the production of matter, therefore analytically the standing crop and 
the productive structure of the community (Boysen-Jensen 1932, Monsi 1954). From 
this point of view some works have recently been done by Monsi and Saeki (1953), 
and Hogetsu, Ichimura et al, (1954) on the land plant community. On the phyto- 
plankton community, also Hogetsu and Ichimura (1954), Ichimura (1954) have worked 
in similar direction. Although in addition to these works we have many descriptive 
works on the ecology of water plant, yet there remain many problems on the water 
plant community that should be fundamentally investigated and solved. In the pre- 
sent paper, the author deals mainly with the results of the survey in some lakes of 
central Japan, and he discusses the dry matter production and the productive structure 
of phytoplankton community. . 


Method 


The quantity of phytoplankton has usually been determined by the cell numter. 
However, the cell number alone does not give the quantitative indication of the 
standing crop or of the photosynthetic activity of phytoplankton. In order to 
estimate not only the quantity but also productive capacity of phytoplankton, deter- 
mination of the chlorophyll content of water has received attention of some investi- 
gators in recent years, and it was pointed out by Wohlschlag and Hasier (1951) that 
the determination of chlorophyll content is very excellent as a semi-quantitative 
method of the measurement of the quantity of phytoplankton and as the best techni- 
que for the direct separation of phytoplankton from seston. So in the present re- 
search, this method was applied to water which was usually sampled serially with an 
interval of 1 or 2 metres from surface to bottom of the lake. The amount of water 
varied from 5/7 to 107 for the eutrophic lake and mesotrophic one, and 207 for the 
oligotrophic and destrophic. The water was filtrated through a sheet of filter paper 


* Botanical Institute, Faculty of Science, Tokyo University of Education. 
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(Toyo. No. 101, diameter 11 cm) with a suction apparatus and then the paper was 
washed with boiling water as Wohschlag and Hasler have done. The amount of 
chlorophyll, after the conversion of extracted chlor ophyll into pheophytin (Hogetsu 
and Ichimura 1954, p 285), was determined colorimetically. Photosynthesis and 
respiration of the sample water were determined by Winkler’s method as mentioned 
in the previous paper (1.c). For the measurement of the light intensity in the depth 


of water the auther used a Madzuda photometer with special equipment. 
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Fig. 1. Annual rhythm of chlorophyll content in lake water. A: Lake Nakanuma 
1950-1951 B: Lake Suwa 1949-1950 


Lake types and chlorophyll content 


It has already been observed by many investigators that phytoplankton shows 
a considerable variation in quality and quantity throughout the year and the course 
of the seasonal change varies with each lake. 

Fig. 1 shows the annual rhythm of chlorophyll content of water in Lake Nakanuma* 
and Lake Suwa. Chlorophyll content is expressed as the mean value of the deter- 
mination at various depths in the epilimnion. Chlorophyll content began to increase 
in both lakes in spring, and reached a maximum value early in summer, though 
the peak is acute in the former lake and the chlorophyll content decreased rapidly 
in the following season. In Lake Suwa the summer maximum continued for four 
months. The slight increase of plankton is September was brought with the pro- 
pagation of diatom. Minimum value was observed in both the lakes in winter, but 
in Lake Suwa the value was osmewhat higher than at Lake Nakanuma. Dominants 
of phytoplankton were Synedra, Diatoma, Eudorina in Lake Nakanuma and Melosira, 
Asterionella, Fragilaria, Anabaena in Lake Suwa. 


* Nakanuma, located in south Ibaraki, has an area of 0.018 km2, and a maximum depth of 13.4m 
and mean depth of 6.7 m. ; 
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The difference in the amount of phytoplankton or in the seasonal change of 
chlorophyll content between these lakes may be caused by the geographical dif- 
ference of the environmental factors, as analysed in the previous paper (Ichimura 
1954). 

In order to assess the variation of 
chlorophyll content in lakes which 
belong to different lake type (Yoshi- 
mura. S. 1937), the author undertook 
to measure the chlorophyll content 


ante 


7) 


of some lakes. There were marked 
differences due to the lake type, as in 
Table 1 summarized. 

As mentioned above, high content 
generally appeared early in summer 


or in autumn, and they varied roughly 


TrANSParency in 


from 50 mg/m3 to 1 mg/m3 in eutrophic 
and mesotrophic lakes. In dystrophic 
and oligotrophic lakes, chlorophyll was 
commonly very scanty. It should, 
therefore, be noted that the lake-type 


may also be classified on the basis of Chlorophyll content in my Wie 
chlorophyll content of lake water. 


Fig. 2. Relationship between the transparency 


Already the transparency has usually : 
and chlorophyll content in lake water. 


been used as an empirical indicator— 

rather qualitative—of the productivity of lakes, however, it is necessary to make 
clear the quantitative relationship between the transparency and the amount of 
phytoplankton, for the purpose of indicating the productivity with the transparency 
exactly. Clark (1946, p. 331) pointed out in his work that phytoplankton itself may 
become sufficiently abundant to cause a significant decrease in transparency, and 
confirmed the influence of phytoplankton abundance on the transparency at George 
Bank. A definite correlation was found out between the transparency and the 
concentration of phytoplankton as measured by plant pigment. Atkins et al. (1954) 
found that there is an inverse relation between the transparency and the amount 
of phytoplankton, which was determined by spectrophotometric analysis of chlorophyll 
extracts, though the admixture of suspended inorganic matter may at time disturb 
the relation. However, this relationship has scarcely been examined in lakes. In 
the present papers the author obtained, in general, a curvilinear relationship between 
the transparency and the chlorophyll content in lakes, as in Fig. 2 indicated, except 
for the case of the organic matter in suspension abnormally abundant or when the 
lake received strong agitation by the wind or water circulation. ‘Therefore, the 
average mass of phytoplankton can be estimated from the trarsparency. If the 
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facts above mentioned are practically applicable to many lakes, it may serve to 
clear up the meaning of the transparency as an indix of the productivity or as a 


criterion in the classification of lakes. 


Vertical distribution of chlorophyll in lakes 


The vertical distribution of chlorophyll also showed wide variation in every 
lake and in every season. The author, however, could obtain a practical evidence 
in support of the theoretical 

Chlorophyll content «n mg/m>—> analysis which has been done 

OF 10 20F 0 St eeZ on succession process of the 
phytoplankton community in 
previous paper (Hogetsu and 
Ichimura 1954). In vertical 
distribution of chlorophyll, 
there are two main types; 
i.e., the one is homogeneous 
distribution (Fig. 3. A-C) in 
which phytoplankton is dis- 
tributed homogeneously, and 
the other is stratum distri- 
bution (Fig. 3. D-G) in which 
the stratification of chlo- 
rophyll concentration is ob- 
served and the most part 
of phytoplankton is found 
in the epilimnion, especially 
somewhere below the water 
surface. Both the types used 
to appear alternately in the 
course of year; the former 
generally appears during the 
circulation period and the 


Water depth th m 
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Fig. 3. Some examples of the vertical distribution of phto- latter clearly develops in the 
plankton in lakes, A: Nakanuma, Oct. 15, 1950. B. Naka- Stagnation period. The dis- 
tsuna, July 14, 1953. C: Kizaki, July 24, 1953. D: Motosu, 
April 25, 1950. E: Nakatsuna June 16, 1950. F: Soji, April i “eis 
25, 1950. G: Yamanaka, Sept. 12, 1951. phytoplankton is very similar 

to the vertical distribution 
of the leaves in a plant community, which was made clear by Monsi und Saeki 
(1953). 


One of the most important causes of the tranformation of the distribution form 


tribution form of stagnated 


January 1956 Bot. Mag. Tokyo, Vol. 69, No. 811 11 


or the productive structure may be the change of assimilation rate with the water 
depth. In Figs. 4 and 5 are illustrated assimilation rates of phytoplankton in a 
few lakes. 


The rate of assimilation per unit mass of phytoplankton or the assimilation 
capacity of the water generally decreases with the increase of water depth. Their 
maximum occurs at the surface layer or 
somewhere below. Therefote, the dry Assimilation mg 02/ng Chl./day 


matter production or the propagation of 0 10 20 30 40 = 50 
0 


phytoplankton is vigorous at the upper 
layer of the community, so that as Talling 
(1955) also reported, the homogeneous dis- 
tribution converted to the stratum one. 


The latter is, however, sometimes destroyed 
by circulation of the water due to wind 
or to density difference of water caused 
by temperature, and again returns to the 


former. At a shallow lake or fond in 
which water is easily subjected to greater 


agitation by wave or stream, phytoplankton 
generally distributes in the homogeneous 
type, but when water-bloom extremely 

Fig. 4. Variation of assimilation rate due 
. y to water depth in lake. A: Suwa, Decem- 
which is similar to the productive structure per (1949) B: Nakamuna, September (1950) 


of liane-community of the land plant (Monsi ©: Nakamuna, October (1950) D: Suwa, 
September (1949) 


develops, the exceptional stratum-type, 


and Saeki, unpublished data), is usually 
formed (Fig. 6). Recently, Nothdurf (1954) had studied on the vertical distribution 
of phytoplankton in some shallow ponds and reported that the homogeneous distri- 
bution of chlorophyll was observed in many cases. In the summer or winter stag- 
nation period, as an exceptional case, a zone which has the maximum chlorophyll 
content appears in the hypolimnion (see Fig. 5). Similar phenomena have been 
found by Manning and Judy (1941), Hogetsu and Ichimura (1954). This zone, how- 
ever, is almost existing below the compensation depth so that the phytoplankton 
contained in this zone could not assimilate and naturally not propagate. Next 
experiment brought out these facts more clearly. The phytoplankton for experiment 
was taken from the various depth and the intensity of assimilation of each sample 
was measured with Winklers method under the same condition—under daylight and 
at 20°C. The chlorophyll content of each sample had been determined, too. The 
assimilation intensity was shown in O, mg per mg chlorophyll and a day. The 
phytoplankton found in the hypolimnion had no photosynthetic activity as illustrated 
in Fig. 7. Even though the phytoplankton in the hypolimnion had the photosyn- 
thetic activity, it could hardly perform photosynthesis (Fig. 5), because the light 
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intensity at the compensation depth measured by field works was only 3-5% of ae 
of the surface and it was supported by some investigators that the compensation 
depth is about 2.2 times as large as the transparency depth. Hence the high con- 
centration of chlorophyll found in the deep zone is doubtlessly caused by the sedimen- 
tation of phytoplankton which had propagated itself in the epilimnion. 


100% Assimilation 


0.04 0.02 Ot asi 
Chlorophyll in mg/e Ig 02/€/ day 
Fig. 5. Preductive structure and productive capacity of phytoplankton community 
in lake. Nakanuma, Aug. 25, 1951. L: Relative light intensity. T: Temperature. 


- Determination of the amount of phytoplankton 


In order to estimate the amount of phytoplankton from the chlorophyll content 
of lake water, we assumed the chlorophyll content of algae, regardless of species, 
in average 2.5% or 0.025 mg chlorophyll in mg dry substance, as in a previous 
paper (Hogetsu and Ichimura 1954), and this assumption was not so unreliable was 
proved by the measurement of photosynthesis (1. c). In Table 3 the author indi- 
cated the results of monthly observation at Lake Nakanuma, i.e. the chlorophyll 
content, the phytoplankton estimated from it and the seston. The seston in summer 
is mainly consisted of phytoplankton, but in winter and early spring the non-chlo- 
rophyllic organisms or inorganic matters are main components of the seston. 
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Table. J, Average values of chlorophyll content in milligrams per cubic metre from 


surface to compensation depth in some lakes 


Lake | Lakes and | Maximum | Area inte Chlorophyll Dominants of 
type waters depth inm| km? mg/m3 phytoplankton 
Nakanuma 13.4 0.018 | June 8, 1950 Sie Eudorina, Spirogyra 
July 5, 1950 45.5 
Sugao ie 3.8 Sept. 28, 1952 1207. Endorina, Melosira 
Suwa 6.5 14.5 | July 14, 1949 44.8 Anabaena, Melosiva 
Aug. 11, 1950 3000 Synedra, Melosira 
Tega 1.5 11.9 | June 10,1951 27.3 Melosira, Fragilaria 
‘= July 20, 1952 Paea0 Melosira, Eudorina 
S' Ushiku 1.5 4.5 | April 11, 1952 19.2 |Arthrodesms, Staurastrum 
3B June 29, 1952 17.1 Spondilosium, Xanthidium 
Rice fields 
(ail. 6 m) ; 
July 17,1952 Gai Spirogyra, Mougeotia 
Aug. 20, 1952 14.6 
(260 m) July 15, 1952 26.7 Spirogyra 
July 27, 1952 21.8 Oscillatoria, Nitzchia 
(1042 m) July 27, 1952 10.6 Navicula, Pinnularia 
Aug. 19, 1952 IWATE Gonatozygon, Navicula 
Kawaguchi 15.2 5.8 Noy. 25, 1949 2.81 Asterionella, Melosira 
April 28, 1950 2.45 
Kizaki* 29 1.4 June 16, 1953 1. 64 Tabellaria, Cyclotella 
3 July 24, 1953 1.09 Asterionella, Melosira 
= Nakatsuna* 12 0.14 | June 16,1953 det2 Melosira, Cyclotella 
3 Aug. 4, 1953 2, 10 
S Yamanaka 15 6.5 April 28, 1950 5. 10 Botoryococcus, Melosira 
Sept, 12; 1951 4.21 Melosira, Eudorina 
Soji 16 0.87 | Sept. 20,1949 1.90 Fragilaria, Synedra 
April 10, 1950 3. 92 
3 Aoki* 62 1.9 | July 26,1953 0.35 |Melosira, Cyclotella 
S' | Aug. 20,1958 0. 36 
@ Motosu 126 4.9 Novy. 27, 1949 0. 10 Asterionella, Botoryo- 
a April 25, 1950 0.41  [coccus — 
g Sai 77 1.4 Nov. 28, 1949 0. 80 Asterionella, Melosira 
3 Oze 9.5 17, Aug. 8, 1952 0.19(2) \Melosira, Cyclotella 
= Tadenoumi July 4, 1950 0.16 
3 | Oze-Bog 1-2 0.03- | July 10.1451 0.5-1.0 |Ulothrix 
3 lake 0.05 | Aug. 14,1952 0.1-0.5 |Melosira 


* Data were measured by Saijo, Y. and Oshima, H. (unpublished) 
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Table 2, Seasonal change of chlorophyll content (mg/m3; upper figures). dry weight (mg/1) 
of seston (middle ones) and of phytoplankton calculated from chlorophyll (lower ones) in 


Lake Nakanuma, 1950-1951. 


- | | 
| | 1951 , 
Depth oe July | Aug. | Sept. Oct. Nov. | Dec. en March April 
in m June | | ees ae nd 
0 61.7 50.0 10.1 22.0 1.8 2.5 = | 1.4 8.2 4.8 
3.35 2. 30 0.45 = 0.85 1,01 1. 46 Lad 3.58 BY; 
2. 87 2.06 0.45 0. 88 0. 30 0.10 — 0.06 0.33 0.20 
1 61.7 45.2 LIS 8.1 5.3 3G 221 Ne 5.9 30.5 
2aD 4,00 0. 60 0.70 0.45 1.20 1.21 TLAO7 3.08 2.62 
2. 87 1. 80 0. 48 0, 32 0. 20 0. 14 0.08 0.06 0.23 1.20 
2 52.3 52.9 10.5 8.3 4,3 2.6 Ld, 0.8 Bad 26.3 
4,30 2.97 LYE 0. 65 1.50 1.39 1.60 Zell 4.22 2.10 
2. 10 2. 80 0. 42 0.33 0.17 0. 10 0. 08 0. 03 0.10 1.00 
4 52.6 85.2 16.4 5.8 4.2 5.8 1.6 1.0 —- 24.6 
3.05 1.90 0.89 0.42 0.90 1.43 1.70 125 2.86 2.30 
2.10 1. 40 0. 66 0.23 0.11 0.28 0. 06 0. 04 — 1.00 
6 47.2 TERE 2a 16.0 2.8 2.3 Tei 0.9 1.0 11.2 
3.35 — 1.00 — 0.85 1,15 1.80 1.30 — 2.95 
1.89 2.90 1. 09 0. 68 0.64 0.09 0.04 0.04 0.04 0.45 
8 63.9 33.7 PFA 10.4 5.5 1.4 2a2 0.9 1.0 5.6 
3.10 1.85 - 0.78 0.85 1.34 IAs — 2.56 2.56 
2.85 1.30 0.93 0. 42 0. 42 0. 06 0.09 0.04 0.04 0.22 
10 12.9 30.9 38.9 ily, 1 2.5 0.9 iW) 0.5 — 6.1 
3.90 2.15 — 1323 1.85 2.45 1.70 1.10 — 3.60 
2.90 1.24 1.56 0. 60 0. 06 0. 04 0. 04 0.02 _— 0.24 


mean 58.7 45.6 19.3 12.2 3.8 2.7 1.6 1.0 4.0 15.6 
3. 40 2.53 0. 94 0.75 1.03 1, 42 ou 1.45 3.26 2.56 
2.47 1.72 0. 67 0. 46 0.23 0.11 0.05 0.04 0.15 2.50 
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Fig. 6. Vertical distribution of phytoplankton 
in pool with water bloom, A: consisted with 
Melosira italica, Eudorina elegance (May 12, 1950) 
B: consisted with Euglena sp., Chlamydomonas sp. 
(April 24, 1951) 
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Fig. 7. Assimilation rate of phytoplankton(Lake 
Yamanaka, September 12, 1951). Sample water 
was collected from the various depth and the 
assimilation rate was measured under the same 
condition. The concentration of phytoplankton 


was determined with chlorophyll amount. 
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These seasonal changes accorded with 
those of the chemical composition of 
deposits (Saijo, Ichimura et al. 1954). 
In Lake Suwa, we also found a 
similar seasonal change in the com- 
position of seston (Hogetsu, Ichimura 
et al. 1952). 


Summary 


The standing crop and productive 
structure of phytoplankton communit- 
ies in some lakes of central Japan 
have mainly been investigated by 
chlorophyll extraction method. 

1. Remarkable difference of chlo- 
rophyll content with lake type was 
ascertained. In summer, average 
of the chlorophyll 


in epilimnion are in maximum ca. 50 


values content 
mg/m? in eutrophic lakes, and less 
than 1 mg/m? in oligotrophic and 
dystrophic ones. 

2. The chlorophyll content in 
lakes varied not only in quantity but 
also in the vertical distribution,-the 
productive structure of phytoplankton 
community——, of which two main 
types, i.e., homogeneous distribution 
and stratum one (Fig. 3), were 
recognized and both the types appeared 
alter nately in the course of year, 
The process of the transformation of 
the two types was analysed on the 
basis of metabolism of phytoplankton. 

3. The standing crop of phyto- 
plankton was investigated with the 


amount of chlorophyll. It showed 


that in summer the seston was mainly composed of phytoplankton but in winter 


mainly inorganic matter and non-chlorophyllic organisms. 
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Effect of Auxin upon the Water Uptake of Avena 
Coleoptile 
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When the plant cell elongates, it necessarily absorbs water. And the water ab- 
sorption of a cell is conditioned either by (1) a decrease in the wall pressure or (2) 
an increase in suction power due to cell contents, or both. The second category 
involves 2a) an increase in the osmotic value of cell contents and (2b) an increase 
in the power of active water absorption. © 

Effects of auxin on the metabolism of tissues have been reported by many 
authors (e.g. see 1). For the understanding of action of auxin, however, it is im- 
portant to determine how the water uptake is caused as a result of auxin-induced 
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metabolic sequences, ——that is, to determine which of the above-mentioned alter- 
native mechanisms really operates in the final step. Brauner e al.® have shown 
that the plastic extensibility of cell wall is increased by auxin under aerobic condi- 
tion, and Burstrém™ proposed that the root growth of wheat is due to increased 
wall extensibility. On the other hand, Thimann® ascribed the auxin action to 
the stimulation of active water absorption. 

If the water absorbing power (whether osmotic or active) of cells were increased 
by the action of auxin, even the cells which have been in the state of incipient 
plasmolysis should absorb water when they are treated with auxin. On the contrary, 
if auxin had an effect only on the wall extensibility, the water uptake would not 
occur, because this has not been limited by the wall pressure in the state of incipient 
plasmolysis. In order to throw light on this critical point, the experiments here 
reported have been made. 


Material and Method 


The material was Avena sativa, Victory No. 1. In order to avoid complication 
by microbes, sterile seedlings were used. Seeds were soaked in 70% alcohol for ten 
minutes, and then in 0.01% solution of mercuric chloride for 25 minutes, after being 
rinsed twice in sterile water for 1.5 hr. each. They were planted on Knop-agar which 
was supplementel with 2% of sucrose to reveal microbial contamination. 

Coleoptiles, 26 to 28 mm in length, were decapitated 1mm, and three 3mm 
segments were cut from the upper part of each coleoptile, using a multiple-razor- 
blade cutter. It had been found by preliminary experiments that these apical segments 
grew in aerated auxin solutions better than more basal ones, and did not signifi- 

-cantly differ among themselves. The segments were mixed together and twenty of 

them made a lot for each treatment. The auxin concentration chiefly used was 
1.0 mg/1 which proved to be most effective for the fresh weight increase of the 
coleoptile segments in 24 hours at 26°C. 

O, uptake was measured by the direct method using Warburg’s constant volume 
respirometer), Thirty coleoptile section pieces (about 50 mg. in fresh weight) 
were suspended in the main chamber which contained 3 ml of distilled water or IAA 
solution. Central well contained 0.2 ml of 10% potassium hydroxide. The bath 
temperature was 26°C. The rate of shaking was 60 strokes per minute. Since 
buffer solutions decreased the sensitivity of coleoptile to IAA, they were not used 
as the basic medium for the experiments in which water absorption and O, uptake 
were measured. 


Results 


A. Effect of auxin on the water uptake in hypertonic solution. 
After weighing, coleoptile section pieces were soaked in lactose solutions of 
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various concentrations. And their fresh weight was determined ae 4 hours. aes 
was no change in the weight with 0.14 molar solution. Hence this reese lar 5 
was equivalent to the suction pressure of the cells. The value vee igi to this 
was 0.15 molar, when similar measurements were made with mannitol solutions. 

It had been expected that the decrease in fresh weight of tissue pieces huey 
cease when the sugar concentration surpassed the value of incipient aac 
But the weight decreased even in 0.5 molar and higher solutions. Since the osmotic 
value at incipient plasmolysis could not thus be determined by weighing, the sugar 
concentration at which 50% of the cells were plasmolysed was determined. The 
value was 0.25 molar with lactose and 0.3 molar with mannitol. 

Fresh weight of coleoptile sections, floated in 1mg/1 solution of IAA with 
aeration, was measured every 4 hours. The water absorption progressed almost 
linearly within the first 8 hours of soaking. Therefore, a 4-hour treatment was used 


in the following experiment. 
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Fig. 1. Effect of auxin on the fresh weight of coleoptile sections immersed in lactose 
solutions equivalent to the suction force of cells (0.14 M) and to the osmotic value 
at incipient plasmolysis (0.25 M). A: 0.14 M lactose; B: O-l/j h. in 0.14 M4 
lactose and 11/2 —5l/yh. in 1 mg/1 IAA+0.14 M lactose; C: 0-5l/2 h. in 0.25 M 
lactose and 5!/2—6 h. in water; D: 0— U/2 h, in 0.25 M lactose, 11/2—5l/» h. in I mg/1 


ITAA+0.25 M lactose, and 51/>—6 h. in water. 

Coleoptile sections were divided into 4 lots. After weighing, two of them were 
soaked in 0.14 molar solution of lactose, and the other two in 0.25 molar. After 
1!/, hours they were weighed, and one lot from each sugar concentration was trans- 
ferred to the solution of 1 mg/1 of IAA dissolved together with sugar at the re- 
spective concentration. The remaining lots were returned respectively to the sugar 
solutions of the original concentrations. And the weight was measured after 4 hours. 
The soakings were aerated throughout at 26°C. As shown in Fig. 1, the lot of 
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sections soaked in the 0.14 molar lactose solution which contained auxin, increased 
its weight, but that soaked in the 0.25 molar solution supplemented with auxin did 
not change its weight, just as not in the solutions without auxin. Results quite 
similar to this were obtained also when 0.16 and 0.3 molar solutions of mannitol 
were used. , 

It was revealed by these experiments that the water uptake was induced by 
auxin when the wall pressure was limiting it, but not when the cells were in the 
state of incipient plasmolysis. If the osmotic pressure of cell content or the active 
water-absorbing power were to be increased by auxin, the cells in the state of in- 
cipient plasmolysis should absorb water when acted upon by auxin. It may be 
suggested, therefore, that a decrease in the wall pressure is the main factor of the 
stimulation of water absorption by auxin. This suggestion, however, would be false 
if the suction force of cells is not increased by auxin in the dehydrated state as of 
the incipient plasmolysis, even though it might be in the normal osmotic condition. 
Hence respiration, which may serve as an indicator of cellular activity, was measured 
in the turgescent and the incipient-plasmolytic conditions. 


B. Effect of auxin on respiration in hypertonic solution. 
Active water absorption depends on cell respiration and this in turn is influenced 


by auxin “7.8 and 9). If respiration of cells in the state of incipient plasmolysis 
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Fig. 2. Op -uptake by coleoptile sections. Notations of the suspending medium: 
Water: distilled water; IAA: 1 mg/1 IAA solution; lactose; 0.25 M lactose solution, 
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failed to be stimulated by auxin, the active water absorption by such cells would 
not be promoted by auxin. 

The O2 uptake of coleoptile section pieces was measured for 1!/2 hours in (1) 
distilled water, (2) 1 mg/1 IAA solution, and (3) 0.25 molar lactose solution. After 
this, the three media were supplemented from the side chamber with (1) IAA or 
lactose, (2) lactose and (3) IAA, respectively, and the respiration measurement was 
continued for additional 3!/. hours. Representative results are illustrated in Fig. 2, 
and summarized in Table 1. 


Table 1. Abstract from Fig. 2 


First on | Second medium Relative O2 uptake in the 
(11/2 h.) (31/2 h.) second medium 
t Water 100* 

(eas {TAA 124.2 
Lactose 95.1 

(2) IAA JAA 120.4 

(3) Lactose Lactose 92.5 

(2) IAA ea 100* 
IAA + lactose 91.5 

(3) Lactose oe 100* 
IAA-+ lactose Zoe 


* as standard. 


Lactose suppressed respiration in water, as well as in the auxin solution which 
stimulated respiration. However, it was also certain that auxin increased respiration 
even in the lactose solution which caused incipient plasmolysis. The experiment 
(3) in Fig. 2 and Table 1 corresponded to C and D in Fig. 1. It was thus revealed 
that, in the state of incipient plasmolysis, the water absorption did not occur even 
though the respiration was stimulated by auxin. 

Quite the same results occurred from the experiments using mannitol. 

It is highly probable that the active water uptake will not increase if respiration 
does not increase. But the reverse can not necessarily be expected. It is impossible 
to say from the above experiments that the water absorbing power of coleoptile 
cells must be increased by auxin even when they are in the state of incipient plas- 
molysis. The results, however, have deprived a positive proof of the following 
plausible objection : 

The fact that the auxin does not stimulate the water absorption of cells at incipient 


plasmolysis is to be ascribed to such a general lowering of cell activity as to be 
non-responsive to auxin action. 


Discussion 


Thimann added mannitol to an auxin solution to reduce the elongation of 
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stem pea stem osmotically. The rate of elongation was not found to increase when the 
stem piece was transferred from this sugar-auxin solution to an auxin solution of low 
osmotic value. So he inferred that the extensibility of cell wall was not “ plasticized ” 
by auxin. However, the present investigation has shown that, when Avena coleoptile 
pieces are transferred from an osmotic medium to water, those which have been 
acted upon by auxin absorb more water than those which have not been. Thimann’s 
experiment differs from the present one as follows; 


. Mannitol 


: : oer Quantity 
Material | Auxin seri Inhibition | ineasurad 
Thimann’s exp. Pea NAA 0.08 M ca, 50% Length 
Present exp. Oat IAA 0.3 M 100% Wet weight 


And it may also be worthy of note that, in the present experiment, the material 
had been in the auxin solution of high tonicity for 4 hours when it was transferred 
to the solution of low tonicity, while the treatment in the first solution lasted for 
8 hours in Thimann’s case. It may not be good enough to transfer the material 
into the good-to-grow condition when little time is left for the growth at the 
maximal rate. 


The fact that the water absorption is increased by auxin in the sugar solutions 
equivalent to the suction tension of cells cannot be explained by assuming that the 
au.in action rests upon the effect on water permeability, but it may be accounted 
for by either of the two alternatives: a) auxin reduces the wall pressure or b) 
auxin increases the osmotic or active suction force of the cell content. But since 
auxin does not increase net water uptake at the incipient plasmolysis, the second 
alternative is a weaker hypothesis, and the former, “ plasticizing” of cell wall, is 
left undenied. 


Bonner ef al. observed that, when the tissue slice of topinamber, having an 
osmotic value of 0.12 mol, was affected by auxin, it took up water from 0.4 molar 
mannitol solution which was to plasmolyse unaffected cells. And he concluded that 
the active water absorption must be induced by auxin. 


However, Burstrém® cited the results obtained by Schulbach and Knoop, and 
by Wiklund that the osmotic value of topinamber tuber was much higher than 0.12 
mol, and he suspected that the method used by Bonner et al. was not adequate 
enough. Burstrém®, measuring the osmotic value of the topinamber tuber and 
conducting similar experiments as Bonner e al., concluded that the stimulation of 
active water absorption by auxin was not inferable. Brauner and Hasman?®, 
using potato tuber tissue, have arrived at a conclusion that auxin increases exten- 
sibility and plasticity of the cell wall under aerobic conditions. Burstrém” holds 
a view, especially with respect to the growth of wheat root, that the growth in 
isotonic and hypotonic solutions is different from that in hypertonic solutions in the 
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underlying mechanism pertaining to the cell wall. He has denied the role of active 
water absorption in the cell growth. 

An objection is possible that the metabolic activity may not be stimulated by 
auxin in the state of incipient plasmolysis, even though it might be under normal 
osmotic conditions. A positive support of this objection was removed by respiration 
measurements. A possibility should be reserved, however, that stimulation of active 
water absorption by auxin may be inhibited at incipient plasmolysis, even though 
the respiration can really be stimulated under this condition. 

Another possibility is that the osmotic value of cell content cannot be increased 
by auxin in the state of incipient plasmolysis, even though it can be when cells are 
in the normal osmotic condition. An increase in the osmotic value due to auxin is 
not very probable with etiolated Avena coleoptile which is soaked in the medium 
containing no mineral salts. 

When the coleoptile pieces which had been kept at the incipient plasmolysis 
were transferred to water, those affected by auxin (D in Fig. 1) increased their 
weight much more than those unaffected (C in the same figure). This strongly 
suggests that the cell walls had been “ plasticized” by auxin, although there could 
be some residual growth effect of auxin. 


Summary 


The fresh weight of sectioned pieces of Avena coleoptile did not increase in an 
auxin solution if this contained lactose or mannitol to cause incipient plasmolysis 
of the cells. When transferred from the sugar solutions to water, the pieces treated 
by auxin absorbed more water than those without auxin action. The results suggest 
that auxin acts to decrease the wall pressure, rather than to increase the absorbing 
power of cell contents. 

O2 uptake, as well as its stimulation by auxin, was not much inhibited in the 
state of incipient plasmolysis. This partly answers the objection that metabolic 


activities which support active water absorption might be inhibited under the ab- 
nomal osmotic condition. 
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The floral stimulus can readily be transmitted across the graft union in many 
plants 123.789.1201), This is also the case in Pharbitis Nil . Short day treatment 
of one partner of the graft can induce flower initiation in the other noninduced 
partner. In a previous paper the transmission rate of the floral stimulus from a 
photoinduced branch to another non-induced one was reported in two-branched plants 
of Pharbitis ® . In the present paper investigations of the transmission and its rate 
across the graft union are described. 


Material and Methods 


The material used was the same as in the previous paper 456. When the 
plants under continuous illumination attained the size desired, the cotyledons were 
removed, the stems of two plants were shaved longitudinally to the cambium on a 
1-15 cm stretch above the cotyledonary node and the two shaved surfaces were 
bound together with a hemp string. After a union of the tissues was established, 
about 10 days or more after the grafting, the string was removed to avoid eventual 
effects of girdling. About 2 weeks after grafting, the main axes were removed 
above the young just expanded leaves. Various modes of removal of leaves and 
buds were adopted to find out their influence upon the transmission of the stimulus. 
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Dark treatment of 16 hours’ duration per day was given by enclosing the donor leaf 
in a bag of light-proof paper or by transferring the plants to a dark room. After 
five such treatments they were removed to a continuously illuminated bench, and 
examined for initiation of flower primordia at the end of the experiment. 

The principle of measuring of the transmission rate was the same as described 
in the previous paper ©. In 3 time-measuring lots, comparable plants were used, 
grafted in the same way as in the experimental lot. The main axes of both partners 
were decapitated above the nodes, leaving the donor leaves and the receptor buds 
intact and removing all other leaves and buds. In each lot the dark treatment was 
started a varying number of days after the removal of the main axes. The average 
position indicating number*? of nodes bearing the first flower on the receptor bud 
was increasing with increasing delay of the start of the dark treatment after the 
topping. This relation could be used as a measure of time needed by the ‘stimulus 
to reach the receptor bud. 


Transmission of the floral stimulus across the graft union. The experiment 
consisted of 6 lots. The first and second lots of 20 grafts each had a donor leaf 
and a receptor bud, and all other leaves and buds were removed. Dark treatment 
was given to the first lot by placing it in a dark room and to the second by enclos- 
ing the donor leaf in a bag. In the third lot the axillary bud of the donor leaf 
was also left intact and dark treatment was given in a dark room. The fourth lot 
had the leaves and their axillary buds of both donor and receptor branches intact. 
Dark treatment was given by means of a bag, so that the leaf on the receptor plant 
remained under continuous illumination throughout the experiment. Two other lots 
of 12 grafts each served as controls. In one control lot both partners of the graft 
were entirely defoliated and debudded except for two uppermost buds and subjected 
to dark treatment. In another control lot both partners had the uppermost leaves 
and their axillary buds intact and received no dark treatment. ; 

The results are given in Table 1. All the plants of the first lot, which had 
only the donor leaf and the receptor bud intact and were treated in the dark room, 
initiated flower primordia and 6 plants out of 20 had terminal flowers. The first 
flower primordia appeared on the 2.6th node on the average. The behavior of the 
second lot in which the dark treatment was given by enclosing the donor leaf was 
almost the same as that of the first lot. This indicates that the induction occurs 
only in leaves and the illumination of the stem has no influence upon the photo- 
periodic response. In the third lot, in which the axillary bud of the donor leaf had 
been allowed to develop, the reaction in the axillary shoot of the donor leaf was 
far stronger than that in the shoot of the receptor plant. The former initiated 19 
terminal flower primordia in contrast to 6 of the latter. Moreover, one plant out 
of 23 receptors had no flower buds. The position of the first flower was lower in 


* i.e. position of the nodes in their succession on the stem: Ist, 2nd. 3rd ------.-. and so on. 
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the donor than in the receptor, indicating that the stimulus reached to the bud of 
the receptor later than to that of the donor. 

In the fourth lot where the uppermost leaves and their axillary buds of both 
donor and receptor branch were left intact, the difference in the reaction of the 
two axillary shoots was more significant. All the axillary buds of the donors deve- 
loped flower primordia and 19 out of 20 had terminal flowers. 8 shoots of the 
receptors did not initiate any flower primordia and none of them formed a terminal 
flower. The positions of the first flowers on both partners were also significantly 
different. All the defoliated control plants treated in the dark room and the control 
plants kept under continuous illumination did not develop flower primordia and 
remained strictly vegetative. 

From these data it may be concluded that the stimulus can reach to the receptor 
bud more readily with enough intensity to cause flower initiation if the donor leaf 
is deprived of its axillary bud and the receptor bud of its subtending leaf. 

Transmission rate of the photoperiodic stimulus across the graft union. As 
time-measuring plants both partners of the grafts were used. The axis was removed 
above the second node. The second leaf and its axillary bud were left intact and 
all other leaves and buds were removed. The plants received short day treatment 
1 day, 2 days and 3 days after the removal of the main axis. Control plants which 
received no dark treatment initiated no flower primordia. 

In one experimental lot 40 grafts were used. The second leaf of one partner 
was used as donor leaf and the third axillary bud of the other partner as receptor 
bud. All other leaves and buds were removed. ‘Then the donor Jeaf was enclosed 
in a bag. Inthe course of experiment 4 plants were discarded on account of damaged 
petioles. After 14 days it was revealed that the first flower primordia appeared on 
the 3.08th node on the average, as shown in Table 2a. In the time-measuring lot 
which received the dark treatment 1 day after the topping, the flower primordia 
appeared on the 2.16th node, i.e. on lower nodes than in the experimental plants. 
In the plants treated one day later, i.e. 2 days after the topping, the first flower 
primordia were initiated on higher nodes, namely on the 3.37th node (Table 2b). 

The lag in the arrival of the stimulus at the receptor bud was calculated by 
interpolation to be 42.2 hours, which is due to the difference in the path length. 
As shown in Table 2c, the latter was 117.4 mm; we can calculate that the stimulus 
moved with the rate of 2.8 mm per hour on the average. 

In another group, the subtending leaf of the receptor bud was left intact in 
order to find out whether the leaf of the receptor subjected to non-inductive photo- 
period may have any influence upon the transmission rate. 2 plants out of 28 were 
not induced to initiating flower primordia. The first flower appeared on the 2.75th 
node on the average in 26 plants, i.e. in somewhat lower position than in the former 
experimental group, but the path length of transmission was far shorter. On cal- 
culation the transmission rate was 2.4 mm per hour. 
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The results of another experiment carried out at an earlier date than the above 
mentioned one are represented in Table 3. In 3 time-measuring lots the pagia 
received dark treatment immediately, 1 and 2 days after the removal of the main 
axis, and the average position indicating numbers of the first flower were 2.00, 2.33 
and 3.15, respectively. The experimental plants initiated the first flower on the 3.86th 
node on the average. This shows that in the experimental plants the stimulus did 
not reach to its receptor bud within 2 days. The difference in the path length of 
the stimulus was 127.2mm. From these data we can only say that the stimulus 
traveled at a rate of less than 127.2/48, i.e. 2.7 mm per hour. 


Discussion 


From the above experiments, the values of the transmission rate across the 
graft union were found to be 2.8 or 2.4mm per hour. As reported in the previous 
paper, in plants with two branches the transmission rates were found to be 3.8, 2.7, 
29 and 2.6mm per hour®. Comparing these values we may conclude that there 
is no significant difference in the transmission rate between grafted and two-branched 
plants. The graft union is of no significant hindrance in the transmission of the 
floral stimulus in Pharbitis Nil. But we must warn against the generalization of 
this conclusion to other plants, because the transmission of the stimulus in this plant 
seems to occur with remarkable facility as compared with other short day plants. 

The leaf on the receptor which received non-inductive photoperiod seems also 
to have no serious effect upon the transmission rate. This is not quite in agreement 
with the results obtained in the 4th lot of Table 1. There are indications that the 
subtending leaf on the receptor exposed to continuous light has markedly inhibited 
the response. But attention must be paid to the fact that 2 plants out of 30 did not 
initiate flower primordia and were not considered in the calculation. 

In calculating the results, the assumption was made that the transmission rate 
is constant in every direction and in all organs concerned. But preliminary obser- 
vations indicate that this is not strictly the case. 

Comparing the results of the 4th and 5th lots in Table 1, where the reaction of 
the axillary bud of the donor leaf exceeds that of the receptor bud, it seems very 
probable that the stimulus decreases in intensity on its way. Concerning these points 


detailed experiments are going on, the results of which will be reported in near 
future. 


Summary 
The transmission rate of the photoperiodic stimulus across the graft union in 
Pharbitis Nil was found to be 2.8 and 2.4mm per hour. The stimulus travels in 
the grafted plants approximately with the same velocity as in the two-branched 


plants; the graft union has no significantly hindering effect upon the transmission 
of the stimulus. 
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Table 2a. Position of the first flower primordium on indicator bud of receptor plant induced 


by the donor plant grafted to it. (Sown on 10th, grafted on 22nd August, experiment started 


on 8th September 1951) 
[ Path length of the stimulus in mm. Average posion 
BSE tne he = Total indicating number 
Group grafts Petiole of | Stem of the | Stem of the of the Ist flower 
the donor donor receptor primordium 
1% 36 771.5 56. 4 50.8 184.9 
+ 1.95 +3, 27 +3, 25 +b hi feos own 
Tis 28 64. 0 48. 8 40.9 158. 7 x EK 
+2. 44 +3.63 +4,50 +6. 74 2.7540; 216 


* Subtending leaf of the receptor bud removed. 
** Subtending leaf of the receptor bud remained intact. 
*** 2 Plants without flower primordia are excluded from calculation. 


Table 2b. Position of the first flower primordium on the axillary bud of donor leaf in rela 


tion to the delay of the dark treatment after removal of the main axis. 


Time-measuring lots. 


Time elapsed from the torping to the 24 48 72 
start of dark treatment in hours 
Numbee of plants 73 75 24 
Petiole length of the donor leaf in mm. 62.9+1.56 72.0+1.61 67.443. 00 
Average position indicating number of 2. 16-40.076 0 0 04 
the 1st flower primordium pace ihe wabiihies Seta ia ck 
Table 2c. Calculation of transmission rate 
Average path | A 3 ; : arid 
eae length bake one awd Difference in | Retardation of | Transmission 
Be ata Aca path length stimulus rate, mm. 
n 
 Agpenee age Tes in hours per hour 
I 184.9 67.5 117. 4 42.2 2.8 
Il 153.7 67.5 86.3 35.6 2.4 


Table 3a. Position of the first flower primordium on indicator bud of the receptor plant 
induced by the grafted donor plant. (Sown on 25th May, grafted on 22nd June, experiment 


started on 9th July, 1951) 


cere Path length of the stimulus Bae ce 
plants 4 
observed | Petiole of the | Stem of the | Stem of the hee a 
donor donor receptor ogee pirouette 
35 78,342.51 | 61,142.34 | 59,543.13 | 198,945.14 | 3.8640.101 
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Table 3b. Position of the first flower primordium on the axillary bud of the donor leaf in 


relation to the delay of dark treatment after removal of the main axis. 


Time-measuring lots 


Time elapsed from the topping to the start 0 oA 3 

of dark treatment in hours a 
Number of plants 39 80 26 
Petiole length of the donor leaf 70.642, 35 64.72. Ne TA 4240 
Average position indicating number of the 2. 00+ 0. 073 2.33+0. 100 3.15+0, 091 
1st flower primordium 


Table 3c. 


Calculation of transmission rate 


Average path 


Average path 


Difference in 


length of length of time- Retardation ot | Transmission 
experimental measuring path length stimulus in rate in mm 
plants plants ; 
iW tim is Tam in mm hours per hour 
198.9 Fells. Ff 127.2 >48 ey HS 
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D< LCC ONIEBO LR RAR-FFALEL 
3s FEKPMAGE (901943) KC LO CHR RIT 
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(2) Vicia faba , 
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Do 
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754 DADE CH DO, TNE S HES PE RHD 
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ULCAN- LF ARB SU CKROER SS, 
BREGUET LOTCAR-PFALKHUCGH 
eA Pe PANIC LCC ORO ZL HN 
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VY TRB L CC OF VUAF— bOMRR 
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Summary 


The studies on the mitosis iv vive were carried out on young petal cells in Allium 
fistulosum and stipular cells in Vicia faba, and the methods and the observational 


results are described in detail. 


On the standpoint of cell biology it is very important that the mitosis in Allium 
and Vicia, the most common materials in fixed preparations, is now studied in the 


living state of the cell. 
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Ryohei FuJII: Paper-chromatographic Survey of Soluble Sugars 


in Germinating Bean Seeds 
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Fig. 1. Paper-chromatogram of alcohol extracts of seed 


embryo tissues of Vigna sesquipedalis germinated in the dark. 
Developer: 80% phenol solution. Developing conditions: 
20 hrs., room temperature. Spraying reagent: resorcinol- 
HCl. S,G, and F; and C,P,E,H, and R denote authentic 
sucrose, glucose, and fructose ; and cotyledon,plumule, epicotyl, 
hypocotyl and radicle, respectively: figures attached to the 
letters signify the age of germs from which the tissues 
were excised; e.g. O-C and 2-P mean the cotyledons from 
O-day-old and the plumules from 2-day-old germs, respectively. 
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Fig. 2. Paper-chromatogram of alcohol extracts of seed 
embryo tissues of Vigna sesquipedalis germinated in the dark. 
Developer: 80% phenol solution. Developing conditions: 20 

hrs., room temperature. Spraying reagent: benzidine-trichlor- 
acetic acid. See Fig. 1 for symbols used. 
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Fig. 3. Paper-chromatogram of alcohol extracts of seed 
embryo tissues of Vigna sesquipedalis germinated in the dark. 
Developer: m-butanol-picric acid-water (80 ml,: 


O00 


2 gm.:20 ml.,). 
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Developing conditions: 20 hrs., room temperature. Spraying 


reagent: benzidine-trichloracetic acid. See Fig. 1 for symbols 
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Fig. 4. Comparison between paper-chromatograms of several authentic pentoses and 
of ‘X’ and‘ Y’ substances obtained from the cotyledons of 2-day-old germs. Developer: 
those 80% phenol. Developing conditions: 20 hrs., room temperature, Spraying reagent : 
resorcinol-HCl. Xy: xylose, A: arabinose, R: ribose, KX: ‘X’ substance, and Y: ‘Y’ 


substance. 
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Summary 


Sugars contained in the alcohol extracts of seed embryos of Vigna sesquipedalis 
germinated in the dark were studied semi-quantitatively on onedimentional 
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ascending paper-chromatograms. 
No other sugar than sucrose, glucose oa fructose was detectable, excepting 


that two unidentified blue-colored spots of relatively high Rf values were made 
appeared when resorcinol-HCl was sprayed. These sugar-like substances behaved 
different on paper-chromatogram from galactose, mannose, rhamnose, xylose, arabi- 
nose and ribose; they also did not react with the diphenylamine as well as the 
orcinol reagents. 

The seeds before germination contained only sucrose, no hexose being detected. 
As germination proceeded, glucose and fructose were formed rapidly to predominate 
soon over sucrose in the epicotyl, hypocotyl and radicle. In plumules, on the con- 
trary, the amount of glucose and fructose did not exceed that of sucrose; the pro- 
duction of fructose in particular was very much small. The cotyledon, as a 
homologous organ to the plumule, showed a similar sugar pattern to that of plumules, 
i.e. a bulk of sucrose accompanied by only a scanty amount of glucose and no 
fructose. 

In the cotyledon tissues maltose was absent, and, therefore, the starch degradation 
might not be performed by the action of amylase but likely by the phosphorylase 
action instead. 

These results would suggest, in accordance with Wanner (1952), that in the 
cotyledon sucrose may be synthesized from the products of starch degradation, 
hexoses, and transported as such into the growing parts of the germs to be split 
again to free hexoses probably by the action of invertase. 
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Seibin ARASAKI, Hiroshi TOKUDA & Kazue FUJITYAMA: 


The Reproduction and Morphogeny in Codium fragile 
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Table 1. Sex differentiation in Codium fragile 
Ise Mikawa Bay (’40~'43) Tokyo Bay (’51~’53) 

sterile i) g 3 sterile $ fe) 3 
Jan 25 0 0 0 4) 0 oe 0 
Febr 32 0 ; 0 0 | 5 5 2 5 
Mar . wre a 2 1 0 
Apr. 
May 51 3 63 92 
aia 50 2 3 9 16 0 8 | 0 
July 21 0 9 12 79 10 107 4 
Aug. 33 1 27 21 15 3 vf 4 
Sept. 8 15 192 170 7 0 108 40 
Oct 0 0 4 2 3 4 7 1 
Nov. 0 2 13 14) oll ay 4 16 16 5 
Dec. 0 0 2 2 | 6 22 26 3 
total 220 23 313 322 154 62 348 62 


FFE C(TMERE DK BIAS BH CH OWAT SIC 
CHHEARABICH DNC ie oO AA aI CX SRI 
7eDo MEMEFEL EEA HK <<, ARORA 
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Hi <, BvD 7s CHERUB) (C7722 SNS 
(fig. 2, 3). 
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SCAT 72 S & PEO FHL ICT MDVD L < 
72H, TARid: DHEA ICP SAS UC ef 
OMIM S155 BADR RFILHIE 1 
TFTO°OHA OWTMET, AR CHKAAHAOBA 
Db, HS SFR CFEC HE ICH HY SS 
(fig. 4), WAR Ft TESS 2 ROE 
LURATIA SS DAs, FARBYITXHERE CHRASAS 
Vo BHERCIF (2 SILER 2 DS AGHEIL CS 19.0~30.0 px 
12.5~21. 0p CAKILFROWE, WY 14.5n) OX 
SSLAL, FARRAICRTDILARRS, UE 
TATIATRIE Cie (fig. 5), HENCE F(t Ba O65 
HIE C 5.0~8.8u%2.4~4.0u CRIERROTER, 
A 4.4u) OKSSLMR<, BORER 2 
~3 THORS CHARESL, IBS HOD 
RIT DK FS Cfig.6), MAL GHA EHKICITS 
FEEL A ST ICUAKL, PSREAITHEIHIORZ 
LOKI HSH, PEL CRBC hor 
MERE FILT CRRA ROT TOC, 1 
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Table 2. Diagram showing the flexible properties of sexuality of C, Fragile 


t 


8 40 


nditi oe ae, ny = = = = 
Scare ments f weeks after (Aug. 9) 2 WookZ after, (Sept. 9) 
(1952, July 11) ster. $ 9 3 ster. | $ ) 3 
sterile. 7 8 0 6 3 11 2 il 1 
9 10 11 0 0 0 9 0 0 0 
3 3 2 0 1 0 1 0 2 0 
(1952, Sept. 22) a weeks ess oo ny * Owing to a heavy storm on 
Brattle: 7 5 | 0 1 1 Oct 6, most culture plants 
were drifted away. 
° 59 a) 2 25 1 
3 3 0 18 


7 OvipeBa FO AIC OMESUBFDL 9 D< 
4 HORDE AIL IL Cit bn, Hee ASHE 
{BF OPALE TE EOPMUETEN BEC HA (fig. 7), 

PRAFILIA 4 Ze < HEEL, BULL CHE, 
JAP ICIR eC CIEE LIBS Cfig. 8, 9, 10), 
EG LS it dO MERRIE FILM 2~3 BSH] 
AICHE L COESAZYRRESS, 1~3 AG 
PIES GRAAF CHABET SMltAbn 
TeosOre GEC (LRU Fl CMA SEE LIV ORS 
ABONSCES HOE), 

SEF LIBDKEA FIL RBICARRE EL, P23 
CHE COD, BEIT MER © Ze He 
Dy SIREN BOIS PRLFOL DR 
(#2 PRICE BEDS HIS Zen PP METS 
LSE RIL MERIC OUTC 623, HELD 
AH < 7 BRAD EOS L, MAB CIBAL 
fe OAANIC RRR BEC, EKA ERA 
Cate k 5 ICHROSBEFORLMALHNSA. ME 
LC 4B CILIBR LR IAT EI CROB 
{EDIE UITWE S, PPR CLM LTH ¢ ESE 
ICR EMH SARE RU LT Cfig. 11, 12), 
EZEGNZP I sympodial branching #4797 
FURBAERICI OAS, (RAR RE CICS EEA 
Brick ( fig. 12, 18), PRA MIC (LEELA IG 
iii UCRAGEeSBL, ASILE RRS CAL 
RKEOBAK 30~50p. HEC, LOA ZE 
WAV DIT LY MD < UNAS Y, 
ATED WER UC HBC ie SF bh tS (fig. 14). 


FEFAROL BALI AAAIOIE, RESIS 


BASIN CAA CHhOA, KAI HB CHRAEI~ 
2 A COMRSSBAIC feo, SHI HE AUG E 9, 
1~3 DARA HIE S. CORE CIMRE 
WA CIE << HO, ERABORMB TIT 
23, AAO MMIC (LR SORADRA GIRS 
1942~46 © 4 HEEL EL 1951~53 D2 aE 
TESA KTCERORFAC EMR UR 
A, BERL 7 FT 7PERAS HST, 30cm 
DEI RORA ZED SIMMT LT = MAAS 
SESZPRASC LILMREDOK, EKIFER 
5b LYRE STE HRD 

— Fi CORRS VARMA 
ic, 12 Amb 3 ARE CREMRA MICH 
FRASHEC COD, SHAR CIRFY FY = FR Vau- 
cheria ROB TLORRBERLD 2 b6ABOT = 
Y PIRICHORRREAS S SICHL, FORD 
61 FERILRZ OFLA dN, BEAR 
LT § VfAITHOT < Cig. 15), risk ow 
mba ¢ BE(EILIF LV Baas & BX SNS HUES 
Git, CATORRERDS 6~7 AE CHERAB 
BBO, TOPPSAWTS 2 UAH TK SO 
(LASER, HKROKBD 6 bid ORG 
immer Arenks Bice CBR sn fK 
ETRE ee bil se CIA CBA 
RET OL. ALAA L OHMAEOEE CRRT OR 
(R5BA Ete ¢ CHER OBIT BOE DT DD 
Sef PLE ORAS RHET SRI C 
HD c OMRITMAC HO, F°Cle Schwartz 
(30) DEL < BEL CHEROBAAHAR SC 
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Figure 1. Reproduction of Codium Fragile 


1. part of a longitudinal section (diagrammatic) 2. a single utricule with a 
gametangium 3. a female gametangium 4, liberation of female gametes 5. a female 
gamete 6. male gametes 7, conjugation of gametes 8, resting zygotes and their 
germination 9. germinating zygotes 10, 11, -12. young plants derived from zygotes 
13. about 6-months old plant derived from a zygote 14. parts of filament 15. part 
of basal mat of young Codium found in winter in the sea. 
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PETENITA CILPRIBIC LOC MICA, HTN 
KORG KIRIC 4 EAS DECHS,. LDbEW 
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DHE ME JPR AR Tal PRR © GC M7zIc Hartmann & 
Haemmerling O25 RICK LMRSN ZAR 
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Résumé 


1. The field observations on the vegetation and sexuality of Codium fragile 
have been made for several years during 1940-1949 and 1951-1953 in the central 


region of the Pacific coast of Japan. 


The young plants begin to appear during early winter and spring, then they 
become luxuriant during early summer and late autumn. The reproductive organs 
(gametangia) are produced usually from May till December. As for the sexuality, 
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most plants are dioecious and some are monoecious, while the sexual ratio and the 
ratio of monoecious to dioecious plants are varied in places or seasons. 

2. The gametes are anisomorphic, and the conjugation takes place between a 
macro (female)- and a micro (male)- gamete. The zygote develops into a tufty 
plant composed of non-septate, sympodially branched filaments. Though the shape 
of the free filament is variable, the contents of the filament or chromatophores are 
identical to those of C. fragile. This tufty vaucherioid plant survives over four 
years becoming much denser, but not into Codium-form probably owing to the 
unfavourable conditions in the culture vessel. 

3. From the field and laboratory observations, it is suggested that the frond of 
Codium may be made up by the interweaving of the sympodially branched filaments, 
producing in the beginning the prostrate basal portion then one or more erect 
portions. And also it is suggested that these filaments may be originate in a zygote 
or in a few zygotes: that is to say homogeneous or heterogeneous. If this 
assumption is acceptable, much variety in sex differentiation in Codium fragile 
seems to be explained by such flexibility in the process of the morphogeny. 
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Since the study of Nageli on the cell membrane, etc. by means of the polariza- 
tion microscope, this method of investigations has been applied to the studies on 
fine structures in the cells and tissues. In 1931, Hartman? used the polarized light | 
in order to detect the presence of cellulose in the gametophytes of Athyrium filix- 
foemina in the course of. the microchemical studies. Pfeiffer also by means of the 
polarization microscope researched on the plant spermatozoids» or the mitosis of 
the cells®. 

Researches made by the polarization microscope are generally used to detect 
the isotropy or the snisotropy (birefringenece) which is related to cyto- and _ histo- 
chemical properties or the micellar structure in animal- or plant-body. In order to 
make clear the optical anisotropy in the fresh prothallium and spermatozoid-body 
of some ferns, this polorization-microscopic study was undertaken. 


Materials and Methods 


The prothallia of following five species were used. Polypodiaceae; Dryopteris 
monticola C. Christensen, Matteuccia struthiopteris Todaro, Rumohra mutica Ching, 
and Thelypteris japonica Ching: Osmundaceae; Osmunda japonica Thunberg. The 
spermatozoids of Matteuccia struthiopteris were also used as materials. 

The prothallia cultured in Petri-dishes were dipped in a drop of redistilled water 
on a slide-glass, then many spermatozoids were extruded out of the ripened antheri- 
dia. After that, these prothallia and spermatozoids were observed by means of a 
polarization microscope (The Japan Optical Co., Ltd. or Reichert). The studies were 
carried out, in many cases, by the method of orthoscope and the interference colors 
were researched by the first order red plate (gypsum test-plate). Sometimes the 
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interference figures were observed also by the method of conoscope. The anisotro- 
pic properties were confirmed by the observations at the extinction position and. the 
diagonal one. 


Results 


1. Polarization effects by the crossed Nicol’s prisms 
Some structural elements of the prothallium were distinctly bright and some 
were more or less bright and others were dark in the dark field of the crossd 
Nicol’s prisms. 
Anisotropic elements are dark when their two axes (directions) of optical 
transmission agree with those of polarizer and analyzer, namely are dark at the 
diagonal position. On the other hand, the isotropic elements were always dark 


Table IJ. The optical properties of structural elements of the 


fern-prothallium and spermatozoid 


Prothallium Polarization effects Optical properties 

Prothallial cell 

membrane +++0r+ AN . 

cytoplasm - IS 

nucleus _ Is 

plastid 2 ea very weak AN 
Protonema cell ee OKe AN 
Antheridium 

outer wali cell membrane +4 AN 

inner wall cell membrane + weak AN 
Spermatogenous mass — IS 
Spermatid a5 Gaya very weak AN } 
Spermatozoid 

border-brim 

nucleus _ IS 

cilium 

cilia-bearing band Bette very weak AN 
Archegonium (young) 

outer membrane of the neck 

cell oe AN 

eggs — Is 
Rhizoidal cell 

membrane ae weak AN 

cytoplasm - IS 
Glandular hair (cap) says AN 

SMT CRE Lee ew ge 

Sporophyte (leaf) 

cell membrane + AN 

cell membrane of the guard 

cell of stoma a +: AN 

cell wall of vascular bundle + eAOAN 


Foot-note: +, bright; ++, +++, strong bright; —, dark; +, 


weak bright; ++, +++, very weak bright. AN, anisotropic ; 
IS, isotropic. 
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either at the extinction position or at the diagonal one. The observed results of 
the optical properties on the structural elements of the prothallium and spermatozoid 
are as shown in Table I. 

a) Prothallium, The structural elements which are strongly anisotropic are 
the membranes of prothallial cells (figs. 14, 15), protonema cells (fig. 16), outer cell 
walls of the antheridium (figs. 14, 15), and cap of the glandular hair. Although 
the cytoplasm or the nuclei of prothallial cells have isotropic properties, the plastids 
have somewhat anisotropic ones. The outer membrane of the neck cell of archego- 
nium is also anisotropic, and the membane of rhizoidal cell is weakly anisotropic. 


Figs. 1-13. The schematic figures of the prothallium and spermatozoid of fern, showing 
the effects by means of polarization microscope. Po, Polarizer axis; AN, Analyzer 
axis; blue, ------ yellew, (Interference color), 

1. Three axes of the prothallium; <—>Longitudinal, <A-Tangential, <©-Radial. 2. 

The directions of the strong anisotropy in the whole area of prothallium. 3. The seg- 

mental anisotropy of a single prothallial cell. S, Strong anisotropic protion; W, Weak 

anisotropic portion. 4. The upper view of the antheridium which shows the anisotropy. 

s Strong anisotropic portion. 5, The lateral view of the antheridium which shows the 

anisotropy. S, Anisotropic; W, Weak anisotropic; C, Cap cell; R, Ring cell; B, Basal cell. 

6. Single prothallial cell shown the interference colors. 7. The directions of the interference 

colors shown, in the whole area of prothallium. 8. The upper view of the antheridium 

which snows the interference colors. 9. The upper view of the circumferential optical 
axes in the antheridium. 10. The cap of glandular hair which shows the interferenc2 
colors. 11. The radial optical axes in the cap of glandular hair. 12. The interference 
colors of the protonema cell and rhizoidal cell. a, b, Protonema ce‘l; c, Rhizoidal cell. 

13. The interference colors of the spermatozoid. Cilia are not shown. CBB, Cilia-bearing 

band; N, Nucleus; a, a’, Blue; b, b’, Yellow (b/ is doubtful). 
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b) Spermatid and spermatozoid. The spermatogenous mass contained in the 
antheridium is isotropic but the spermatids are very weakly anisotropic. While border- 
brim, nucleus, and cilium of the spermatozoid are isotropic, the portion of the cilia- 


bearing band is very weakly anisotropic. 


Figs. 14, 15. The polarization effects of the prothallial cell membranes (m), and the 
antheridia (a) in which the spermatids are contained. 14. Matteuccia struthiopteris 
Todaro; 15, Dryoptevis monticola C. Christensen. 

Fig. 16. The polarization effects of the filamentous. protonema celis in Matteuccia 
struthiopteris Todaro. i, Inner membrane; 0, Outer membrane. 


2. Intensity of the anisotropy 


a) Whole area of the prothallium. The membrane of prothallial cell, generally, 
shows strongly the anisotropic property in every portion of the prothallium. At 
the central meristematic portion, however, shows the whak anisotropic property. 
Polarity or gradient of the anisotropy seems not to be shown. b) Prothallial cell. 
The membrane is distinctly anisotropic. The author can presume three axes accord- 
ing to the orientation of development and growth of the prothallial cell (Fig. 1), 
because he has already considered three polarities in the whole portions of the 
prothallium in the preceding report®. In general, the brightness, that is, the ani- 
sotropy is strong in the membrane of the prothallial cell which is nearly parallel 
to the tangential axis (Fig. 2, 14, 15) and is perpendicular to the radial axis (Fig. 
2). In the longitudinal axis, the degree of brightness is not clear. In some cases 
the brightness was not continuous but segmentary (Fig. 3, 14). c) Antheridium. 
The outer membrane of the peripheral wall (cap cell, ring cell, and basal cell) is 
bright and shows the anisotropic property. As is shown in Fig. 4, 14 and 15 the 
anisotropic properties were observed at four portions. The lateral view is shown 
in Fig. 5. In this case the brightness is more or less weaker than the case of the 
upper view. d) Spermatid and spermatozoid. The results were stated above. e) 
Filamentous protonema cell. The membrane only is anisotropic and the anisotropy 
of the outer membrane is weak and that of the inner one is strong (Fig. 16). f) 
Archegonium. The outer membrane of the neck cell is anisotropic, whereas the 
ezg is isotropic. g) Cap of the glandular hair. This membrane is somewhat 
strongly anisotropic. h) Rhizoidal cell. The anisotropy of the membrane is fairly 
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weak and that of the young membrane seems to be stronger than that of the old. 


3. Interference color 


Fresh prothallia or spermatozoids were brought to focus between the crossed 
analyzer and polarizer and the position was decided at which the maximum bright- 
ness of them were observed. Then the first order red plate was inserted in the 
slot, which was put at the diagonal position. After these treatments the interference 
colors were observed. 

a) Prothallial cell. As shown in Fig. 6, the a- or b-membrane (the membrane 
which is parallel to the minor diameter of the cell) shows blue color and c- or d- 
membrane yellow (positive anisotropy). When the stage of the microscope is rota- 
ted about 90°, the colorations of membranes are changed, that is, blue is changed 
into yellow and yellow into blue (Fig. 6). In the whole portion of the prothallium, 
generally, the membrane shows blue color in the perpendicular direction to the 
tangential axis of the prothallium and appears yellow in the parallel direction to it 
(Fig. 7). b) Antheridium. At the position which is angled 45° to the polarizer 
axis the membrane reveals blue color, and at the position which angles —-45° it shows 
yellow (Fig. 8). It may be deduced that the direction of the optical axes (micellar 
arrangements) are circumferential (Fig. 9). By the 45° rotation of the stage, the 
blue and yellow colors are changed into red and moreover when the stage is rotated 
45°, the portion which was formerly blue shows yellow color and vice versa. c) 
Cap of the glandular hair. In this case, the relation of blue and yellow is reverse 
to that in the case of the antheridium (negative anisotropy) (Fig. 10). This 
phenomenon may support the conclusion that the optical axis is radial (Fig. 11). 
d) Protonema cell and rhizoidal cell. As the prothallial cell, the outer membrane 
of protonema cell and rhizoidal cell show blue color and the inner one of pro- 
tonema cell yellow in the direction of slow axis of the first order red plate. In 
the direction of fast axis of the plate, the outer membrane of protonema cell and 
the membrane of rhizoidal cell are yellow and the inner one of protonema cell is 
blue (Fig. 12). e) Spermatozoid. The spermatozoid whose spiral was destroyed 
was observed. The ciliabearing band (cytoplasmic portion) seems to show the 
interference color as drawn in Fig. 13 (but b’ is doubtful). As in the case of the 
cap of glandular hair, the portion a and a’ are blue, and b and b’ are yellow 


(negative anisotropy), but b’ is doubtful. 


4. Interference figure 


The interference figures of the anisotropic elements of the prothallium by means 
of the conoscope have not been demonstrated so clearly that the result concerning 
this phenomenon will not be described here and the further studies on them must 


be left in future. 
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Discussion and Conclusion 


Of the structural elements of fresh prothallium, the membrane of prothallial 
cell shows the strong anisotropy and outer membrane of antheridium, archegonium, 
and cap of the glandular hair are also anisotropic. The plastids in the prothallial 
cell and the membrane of rhizoidal cell show weak anisotropic phenomena and the 
other cellular elements are isotropic. 

On the whole, the principal component of the cell membrane of Pteridophyta is 
cellulose”, Therefore, the degree of the anisotropy may depend upon the micellar 
arrangement of cellulose or, as Ohara? stated, upon the other components such as 
pectin or lignin which disturbs the anisotropy, in the fern-prothallium too. Accord- 
ingly, the distribution of anisotropy in the prothallium is able to be presumed. 

When the first order red plate and the crossed Nicol’s prisms are used, the 
membrane of prothallial cell and so on show blue or yellow color. It is considered 
that in the portion of the membrane which show blue color the slow or y axis of 
optical transmission of the membrane is parallel to that of the first order red plate, 
and the anisotropic structure is thought to be positive in relation to the direction 
of minor diameter of the prothallial cell. On the other hand, the portion of yellow 
color possesses the slow axis of optical transmission which are perpendicular to that 
of the plate and the anisotropic property is negative. As mentioned previously, it 
may be deduced that the direction of optical axis (micellar arrangement) is Cir- 
cumferential in the cell wall of antheridium and it is radial in the cap of glandular 
hair. 

The spermatids are thought to be very weakly anisotropic, and the spermatozoids 
are almost isotropic, but the cilia-bearing band of spermatozoid shows the very 
weak anisotropy and the result of Pfeiffer5) gave one basis to this result. 


Summary 


The observations which were made on the fresh prothallium and spermatozoid 
by means of polarization microscope have made clear the following facts. 

1) The membrane of prothallial cell shows the strong positive anisotropic 
property and the outer cell membrane of antheridium, archegonium, and rhizoidal 
cell are also positively anisotropic; and the cap of glandular hair is negatively 
anisotropic. 2) The plastid is very weakly anisotropic but the other structural 
elements of the prothallium are isotropic, 3) The spermatid and the cilia-bearing 
band of spermatozoid are very weakly anisotropic. The other structural elements 
of spermatozoid are isotropic. 4) The polarization effect is thought to depend upon 
the cellulose or other chemical components and the micellar arrangements of them. 
5) Discussions were made also on the interference color. 
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Studies on the Development of the Peristome in Musci II. 


On the Peristome in Dicranum japonicum Mitt 


by Shintaro SAITO* 
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' Received November 8, 1955 


From .the standpoint of the development of peristomes, Cavers® divides the 
Bryales into the following four groups, namely, Tetraphidales, Polytrichales, Bux- 
baumiales and Eubryales. In the former two groups, the teeth of the peristome are 
composed of entire cells, while in the latters they are composed of thick-walled. cells. 
And the Eubryales is further devided into the Diplolepideae and Haplolepideae 
by Philibert?. The former with few exceptions has double peristomes, while the 
latter has single peristome. 

In the Diplolepideae the two peristomes are derived from the two concentric 
layers of cells in the opercular portion of the capsule. The development of the 
peristome has been described in Funaria hygrometrica®’, Mnium hornum®, Mnium 
microphyllum® and Bartramia crispata among several species of this group. In 
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these species the outer peristomial layer is composed of thirty-two longitudinal rows 
of cells and the inner one of sixteen rows, thus, these rows consist of groups, each 
of which consists of two cells of the outer layer lying opposite one cell of the inner 
layer in the cross section. 

In the Haplolepideae the single peristome is likewise derived from two con- 
centric layers of cells in the opercular portion of the capsule. And as for this 
group Evans & Hooker! published a work on the same subject in Ceratodon 
purpureus, but no further special study on this subject has been followed. In this 
species the outer peristomial layer is composed of sixteen longitudinal rows of cells 
and the inner one of twenty-four longitudinal rows of cells, and the cells of the 
peristomial layers form eight groups, each composed of two rows of cells of the 
outez layer and three rows of the inner layer. And each of those groups gives rise 
to two teeth. Consequently, the total number of the teete amounts to sixteen. And 
in this case each tooth of this group is homologous with the inner peristome of 
the Diplolepideae. 

In the present article, the author deals with the development of the peristome 
in Dicranum japonicum, a member of the Haplolepideae. 


Materials and Methods 


The materials for the present study were collected by the auther from Sept. 
1953 to Oct. 1954, at Matsue, Shimane Prefecture. Bouin’s solutign was used as the 
fixing agent. The paraffin sections were cut at 10u thick and stained with Delafield’s 
haematoxylin. 


Development of the peristomial layers 


In the present species the opercular segments are divided into quadrants by 
anticlinal walls. Cross sections through the opercular region of young capsules just 
below the apical cell show the feature clearly (Fig. 1). This quadrant is the funda- 
mental square and each cell of which is further divided into the outer cells (amphi- 
thecium) and the inner cells (endothecium) by the first periclinal walls (Fig, 2); 
The four cells of ths amphithecium develop into the eight-celled stage by the 
following anticlinal walls (Fig. 3). And a similar arrangement of the cells can be 
demonstrated in the early stage of the development of the amphithecial cells divided 
by periclinal walls, thus giving rise to two amphithecial layers of eight cells 
each (Fig. 4).. In the region of the operculum, successively the stage shown in 
Fig. 4, the cells of the outer layer are divided by anticlinal walls, thus increase 
the number of cells to sixteen (Fig. 5). And then the amphithecial layer forms 
two layers which are made of sixteen cells respectively by the formation of peri- 
clinal walls in each cell (Fig. 6) of which the inner layer develops into the outer 
peristomial layer. The cells of the inner amphithecial layer undergo no further 
divisions and develop into the peristomial layer. The cells of the outer layer are 
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further divided by anticlinal walls into thirty-two-celled layer and the endothecitum 
begins to divide (Fig. 7). The cells of the outer amphithecial layer are divided by 
more anticlinal and periclinal walls. During the increasing of cells in the amphi- 
thecial layer, the eight cells of the inner amphithecial layer (Figs. 6, 7), correspon- 


Figs. 1-9. Cross sections through the opercular region of young capsules, showing 
successive stages of development of peristomial layers stippled x 300: 1. Division 
of segments to the quadrant or “fundamental square”; 2. Establishment of 
amphithecium and endothecium; 3. eight-celled stage of an amphithecial layer 
divided by anticlinal walls; 4. Showing an inner peristomial layer divided by 
periclinal walls; 5. Division of cells in outer amphithecial layer by anticlinal 
walls; 6. Showing an outer peristomial layer divided by periclinal walls; 7. 
Division of cells in an inner peristomial layer by anticlinal walls; 8, 9. Continua- 
tion of divisions in outer amphithecial layer and endothecium. 


ding to the inner peristomial layer, increase to about 24 in number by the forma- 
tion of anticlinal walls and undergo no further divisions (Figs. 8,9). Thus, in cross 
section each of the eight groups comprises three cells of the inner peristomial layer 
lving opposite two cells of the outer one and develops into two peristome teeth 
(Figs. 9-12). In longitudinal section the rows of cells of both outer and inner 
peristomial layers taking part in’ the formation of the peristomes number from 
thirty-seven to forty rows. In the view of the longitudinal sections of the upper 
regions of young capsule, showing the successive stage of deve'opment of the teeth, 
the number of cells in the full length of peristome amounts from twenty to twenty- 
five (Fig. 14). 


Deposition of the peristomial thickenings 


As above described, the peristomial layer is divided into eight groups, in which 
the three rows of the inner peristomial layer correspond with the two rows of the 
outer layer. And a group gives rise to two teeth of the peristome and the same 
process is produced in each group. The deposition of the peristomial thickenings 
takes part on the outer periclinal walls of the cells circumscribed to the endothecium 
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r capsules stippled 
10. Showing the peristomial layers in the region of the teeth, just before the 
deposition of the thickenings; 11, 12. Early stage in the development of the thickening 


with the adhesion and disappearance of cytoplasm and nuclei. 
Figs. 13-19. Radial sections in the region of the teeth, showing the peristomial thicken- 


ings in their successive stage of development stippled 
old capsules: 


Figs. 10-12. Cross sections through the amphithecial tissues of olde 
x 300: 


» 800, and teeth of young and 
13, 14. Showing total length of peristomial layer in an early stage; 15, 
16. Showing their thickening in the regions of the basal portion of peristomes; 17. 
Tangential section of basal portion of the young peristome, x 200; 18, 19. Fully deve- 
loped teeth, x 110 (18, seen from outside ; 19, inside). 
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(Figs. 10-12). As the capsules swell, the regions of their opercula become distin- 
guished from the capsules. Just before the thickenings are deposited, the peristomial 
cells taking part in thickening lead to the swelling of their nuclei and usually 
provide with vacuoles (Figs. 10, 11). And then the cytoplasm and nuclei in the 
peristomial cells are adhered to the part of the thickenings (Figs. 10, 11, 12, 14, 
i>, 10). 

In succession with the deposition of the peristomial thickenings, the cytoplasm 
coheres to the part of the thickenings and the vacuoles expand, but the disappear- 
ance of the both cytoplasm and nucleus is followed (Fig. 16). After the adhesion 
and the disappearance of the cytoplasm and nuclei throughout the peristomial 
thickenings, the initial thickening begins in the basal portion of the peristome and 
thickening essentially undergoes in the same’ process throughout the branches of 
the peristomes (Figs. 15, 16). The lamellae of the inner side of peristome teeth 
are well developed, especially they are more. pronounced in the basal part of the 
same. There are also seen a few longitudinal ridges between each lamella. In 
other words the peristomial thickenings continue with the thickenings on the inner 
wall and give rise to the transverse ridges of the mature peristomes. In the young 
Stage the transverse and longitudinal thickenings are seen in tangential section, 
and the same appearance is more striking in an older tooth (Figs. 17-19). 

In a word the thickenings extend almost over the inner periclinal walls and on 
the radial and transverse walls extend as ridge. Soon after the thickenings have 
been deposited uopn the teeth, the peristomial cells dry up, the thin parts of the 
walls shrivel away and disappear, and the teeth become free. 


Considerations 


In the Haplolepideae the cell. divisions of the young sporophyte proceed regularly, 
and the pattern of the cell divisions is the same with that of Mnium, Funaria and 
Bartramia, each of which is member of Diplolepideae. 

- In the amphithecial tissue of the young capsule, the two Boteanition layers of 
cells are produced from sixteen cells of the outer peristomial layer and thirty-two 
cells of the inner layer are seen in each species above said. In Ceratodon purpureus 
the inner peristomial layer is composed of twenty-four rows of cells, while in 
Dicranum japonicum it is composed from twenty to twenty-four rows of cells, yet 
the inner peristomial layer is formed by the unequal cells in. both shape and size 
as seen in Ceratodon purpureus. Such a feature was not seen in Muium microphyl- 
lum® and Bartramia crispata. Toward the base of the branches of teeth the 
transverse ridges grow wider and wider until finally some of them coalesce with 
each other in Ceratodon purpureus, while in Dicrauum japonicum the transverse 
ridges get nearer each other and increase their stripes in number. The deposition 
of the thickenings in the peristomial layer is equivalent on the outer and inner 
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sides of the middle lamellae. In the Diplolepideae the transverse ridges adhere to 
the inner wall of the peristomial layer, but not to the outer wall as is the case of 
the Diplolepideae. In Dicranum japonicum the vestiges of the radial walls form a 
zigzag longitudinal line on the inner surface of the tooth, but not on the outside 
as in Diplolepideae. Of course this line is much shorter than that in Mnium micro- 
phyllum and Bartramia crispata, in which the teeth are not divided into branches. 
The single peristome of Dicranum japonicum is homologous with the inner peristome 


of the Diplolepideae. 


Summary 


1. The amphithecium and the endothecium are derived from the cell of quad- 
rant, and the amphithecium is divided further into the inner and outer peristomial 
layers by periclinal walls. 

2. The inner peristomial layer arises from the inner amphithecial layer, 
undergoing cell division until it is composed of 20—24 cells in cross section by 
the formation of anticlinal walls. 

3. The outer peristomial layer comes to have sixteen cells in cross section by 
the formation of anticlinal walls. These sixteen cells of the layer undergo no 
further division. 

4. Both peristomial layers form eight groups, each of which is composed of 2 
rows of the outer layer and 2 or 3 (mostly 3) rows of the inner layer, and gives 
rise to two teeth. 

5. The ridges of thickening, corresponding to the peristome are laid upon the 
periclinal walls between the two (inner and outer) peristomial layers. 

6. Before the thickenings are deposited, the nuclei in the cells of two layers 
taking part in the formation of the teeth, are enlarged. And then the protoplasm 
of both inner and outer peristomial cells moves towards the outer walls of the inner 
peristomial cells. Following the thickenings the vacuoles appear in cell cavity and 
both the cytoplasm and the nuclei gradually shrivel away and disappear. 

Finally the writer expresses many thanks to Dr. Akira Noguchi, Prof. of the 
Kumamoto University for his kind abvices. 
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Taxonomic Study of Cyperaceae V** 
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§ 12. A new classification of the genus Cladium in a wide meaning.*** 


The purpose of this article is to divide the genus Cladium (sensu lato) into 
two natural groups which I have recently recognized to be very distinct from each 
other by their morphological characters including the poilen grains. The genus 
Cladium in a wide meaning consisting of nearly fifty species distributed in the 
tropical, subtropical and warmer regions of the both hemispheres, is not a very 
homogeneous group of the family Cyperaceae just as the genus Scirpus. Because 
of its heterogeneousness, up till now, under the category of Cladium sensu lato 
were created several similar group’, Machaerina, Baumea, Vincentia, Chapelliera 
etc., which were chiefly based upon their external appearances especially on inflores- 
cences and leaves. Some taxonomists including Béckeler, Palla, Stapf and Nees, 
who created or referred to them, treated all these groups as different genera 
respectively. Almost all the specialists concerned are, however, of opinion that 
these groups are attributed to the infrageneric status ot the genus Cladium sensu 
lato; for example, Bentham and Hooker in their Genera plantarum, Vol. 3, regarded 
Baumea and Vincentia as sections, while C, B. Clarke placed Baumea, Vincentia 
and Machaerina as the subgenera under the genus Cladium. 

In the Japanese floristic region including the Ryukyus and the Bonin Islands 
occur five species of these groups, one in Cladium (sensu stricto), three in Baumea 
| and one in Machaerina. According to my observations on these five species and a 
considerable number of the tropical species, Cladium jamaicense, Cladium chinense 
and Cladium Maryiscus, members of Cladium sensu stricto, are quite different from 
the other species belonging to Baumea, Vincentia and Machaerina ina very distinct 
character which ‘corresponds to some characters in their vegetative parts. 
Speaking on the Japanese species, Cladium chinense has achenes almost drupe-like 
when living and crowned by an inconspicuous somewhat corxy stylebase at apex, 
3.ranked leaves dorsiventrally compressed, and the corymbose partial inflorescences, 


* Botanical Institute, Faculty of Science, University of Tokyo. 
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her kind informations on the pollen grains of Cladium spp. 
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whereas the others, viz. Cladium nipponense, Cladium brevistigma and Cladium 
boninsimae have hard achenes terminated by a distinct usually scabrous beak, spike- 
like or paniculate partial inflorescences and 2-ranked leaves terete or bilaterally 
compressed and sometimes reduced into bladeless sheaths only. The former chazac- 
ters are only seen in Cladium in a broad meaning, while Baumea, Vincentia and Macha- 
erina fall under the latter category. 
Furhter, an interesting matter is re- 
cently offered me by Miss M. Ikuse 
who is studying on pollen grains and 
examined those of the three Japanese 
species, Cladium chinense, Cladium 
nipponense and Cladium brevistigma 
in detail. According to her investiga- 
tion, the pollen grains of Cladium 
(sensu lato) are highly interesting 
and those of Baumea are so peculiar 
that she reexamined some other sam- 
ples from different specimens. As 


seen in Fig. 6, the pollen grains of 

Baumea are of polyforate type, while 

Fig. 6. Pollen grains of Cladium sensu lato 
(offered by Miss Ikuse): A-C, Cladium 
chinense Nees: A & B. lateral views; C. _ 1-6-aperture type bearing a terminal 
polar view. D. Machaerina nipponensis Ohwi pore and six sidal ones. Also the 
et T. Koyama (=Cladium nipponense Ohwi) 
lateral view. x 770. 


those ot Cladium sensu stricto are of 


differences in somewhat delicate cha- 
racters of inflorescence and the shape 
of achene which are of secondary value in the classification of this group are seen 
among Machaerina, Baumea and Vincentia, that is to say, Machaerina is based upon 
rather inconspicuously 3-angled achenes usually subabruptly narrowed both at apex 
and at base and paniculate loose inflorescence often large-sized, Vincentia is cha- 
racterized by comparatively sharply 3-angled achenes gradually narrowed to apex, 
and gradually attenuate below to a stipelike base, and Baumea is separated from 
Vincentia mainly by the cuneate to pyramidal base of achenes sometimes crowned 
by a depressed stylebase and often densely disposed spikelets. eye 

Thus it seems to be reasonable that the genus Cladium in a broad meaning is 
divided into two independent genera, Clabium (sensu stricto) and Machaerina in- 


cluding Baumea and Vincentia. The different characters of these two genera are 
shown in the table below. 


Cladium Machaerina, Vincentia & Baumea 
ACHENE: ' Somewhat drupelike, the Hard, 3-angled, the apex crowned by a 
stylebase almost incon- distinct beak usually hispid or sca- 


spicuous, corky, smooth. ‘berulous, not. corky. 
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STAMENS: 2. 3 (very rarely 2, but always ?). 

PARTIAL 

Pancreas: Corymbose. Slender or conical compound panicle. 

LEAVES: 3-ranked, the blades dor- 2-ranked, the blades equifacial, terete 
siventrally compressed, or bilaterally compressed, | smooth- 
coriaceous, prominently margined or nearly so, rarely wanting. 
scabrous on margins. 

POLLEN : 1-6-aperture type. Polyforate type. 

DISTR. Tropical to subtropical regions, domi- 

AREA: Warmer to temperate reg. nant in Oceania. 


The genus Cladium created in 1756 by P. Brown is appropriate to a group of 
Twig-rush represented by the left column of the above table in its original sense. 
The genus Marviscus which was effectively published in 1757 based also on the same 
group of Twig-rush with Cladium, therefore, it should be reduced to the synonimy of 
Cladium. Concerning the generic name of the group represented by the right column 
of the table, Vincentia is trequently adopted because the species belonging to Vin- 
centia are a little more than those of Machaerina. The genus Machaerina, however, 
was published in precedence of Baumea and Vincentia, and moreover any of 
these three genera has neverbeen proposed for ‘nomen conservandum’. Accordingly, 
it may be said that Machaerina is legitimate under the present Code of Nomencla- 
ture, when these three groups are treated as a genus separated from Cladium in 
a narrow sense. 

Genus Cladium P, Br., Hist, Jamaic.: 114 (1756); Schrad., FI. Germ. 1: 74 (1806) ; 
Kunth, Enum. Plant. 2: 303 (1837); Steudel, Synops. Plant. Glumac. 2: 152 (1855); 
Bockeler in Linnaea 38: 231 (1874); Benth. et Hook. fil., Gen. Plant. 3: 1065 (1883), 
pro pte.; Engler et Plantl, Nat. Pflanzenfam. 2-2: 116 (1889), ex pte.; C. B. Clarke 
in Kew Bull. add. ser. 8: 124 (1908), ex pte.; Ohwi in Mem. Coll. Sci. Kyoto Imper. 
Univers. ser. B, 18, no. 1: 10 (1943), pro pte. Species typica: Cladium jamaicense 
Cranz. . 

Cladium chinense Nees, Cladium Mariscus R, Br., Cladium jamaicense Cranz, 
Cladium leptostachyum Nees et Meyen, Cladium mariscotdes Torrey. 

Genus Machaerina Vahl, Enum. Plant. 2: 228 (1806); Kunth, Enum. Plant. 2: 
313 (1837); Boéckeler in Linnaea 38: 251 (1874), emend. T. Koyama. 

Genus Cladium (non P. Br.): Benth. et Hook. f. 1. c., pro pte.; Engl. et Plantl 
c., pro pte.; C. B. Clarke |. c., pro pte.; Ohwi I. c., pro pte. 

Perennis elata vel mediocris saepe stolonifera, culmo obscure trigono subnudo 
basi foliis vaginisve obsito, foliis angustis teretibus vel a latere compressis interdum 
elaminatis, ligulis haud evolutis, inflorescentia paniculata composita decompositave 
et aut densa aut laxa, paniculis partialibus spicato- vel vere paniculatis sed non 
corymbosis multispiculatis, spiculis paucisquamatis, nuce trigona coriacea glabra 
apice rostro coronata, rostro conicolanceolato vel interdum subdepresso semper plus 
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minus hispidoscabro, stigmatibus 3, perigonii phyllis in setas breves scabras reductis 
vel nullis, antheris plerumque 3. Caeteroquin sicut Cladium sensu stricto. Species 
typica: Machaerina restioides Vahl. 

Sect. Machaerina (Vahl) Genus Cladium aubgen. Machaerina (Vahl) C. B. 
Clarke 1. c. 124 (1908). 

Sect. Vineentia (Gaudich.) T. Koyama, comb, nov.—Genus Vincentia Gaudich., 
Freyc. Voy. Bot. 416 (1826); Kunth 1. c. 314; Steudel 1. c. 156; Boéckeler 1. c. 247—— 
Genus Cladium sectio Vincentia (Gaudich.) Benth. et Hook. f., Gen. Plant. 3: 1066 
(1883). 

Sect. Baumea (Gaudich.) T. Koyama, comb. nov.—Genus Baumea Gaudich., 
Freyc. Voy. Bot. 417 (1826); Thw., Enum. Pl. Zeyl. 353 (1864); Béckeler fee 237 
(1874) Genus Chapelliera Nees in Linnaea 9: 417 (1834) —-Genus Cladium 
subgen. Baumea (Gaudich.) C. B. Clarke 1. c. 124——-Genus Cladium sectio Baumea 
(Gaudich.) Benth. et Hook. f., 1. c. 3: 1065 (1943); Ohwi 1. c. 10 (1943). 

1. Machaerina angustifolia (Gaudich.) T. Koyama, comb, nova 

Vincentia angustifolia Gaudich. Freyc. Voy. Bot. 417 (1826). 
2. Machaerina arfakensis (Rendle) T. Koyama, comb. nova 
Cladium arfakense Rendle in L. S. Gibbs, Phytogeogr. & Flor. Arfak. Mts. 
90 (1917). 
3. Machaerina aromatica (Merrill) T. Koyama, comb. nova 
Cladium aromaticum Merrill in Philip. Journ. Sci. 9: 59 (1914). 
4, Machaerina arthrophylla (Nees) T. Koyama, comb. nova 
Chapelliera arthrophylla Nees in Lehm. Plant. Preiss. 2: 77 (1846)——Cladium 
arthrophyllum (Nees) F. V. Miller, Fragm. Phytogr. Austral. 9: 14 (1875). 
5. Machaerina articulata (R. Br.) T. Koyama, comb. nova 
Cladium articulatum R. Br. Pradr. Fl Nov. Holl. 237 (1810). 


6. Machaerina aspericaulis (Kiikenth.) T. Koyama, comb. nova 
Cladium aspericaule Kiikenth, in Bull. Jard. Bot. Buitenz. 3° sér., 16: 309 (1940). 
7 Machaerina australis (Rich.) T. Koyama, comb. nova 
Vauthiera australis Richard, Ess. Flor. N. Zél. 107, t. 20 (1832)——Cladium 
Vauthiera C. B, Clarke ex Cheeseman, Man. N. Z. Flor. 788 (1906). 
8. Machaerina Bidwellii (Stapf) T. Koyama, comb. nova : 
Vincentia Bidwellit Stapf in Dept. Marine Biol. Carnegie Inst. Wash. 20: 111 
(1924), in obs. 
9. Machaerina boninsimae (Nakai) T. Koyama, comb. nova 
Cladium boninsimae Nakai in Bot. Mag. Tokyo 25: 223 C19iT). 
10. Machaerina borneensis (C. B. Clarke ex Stapf) T. Koyama, comb. nova 
Cladium borneense C. B. Clarke ex Stapf in Trans. Linn. Soc. Bot. 4: 245 
(1894), 


11. Machaerina brevipaniculata (Kiikenth.) T. Koyama, comb. nova 
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Cladium brevipaniculatum Kiikenth, in Fedde, Repert. 51: 176 (1942). 
12. Machaerina brevistigma (Nakai ex Tuyama) T. Koyama, comb. nova 
Cladium brevistigma Nakai ex Tuyama in Bot. Mag. Tokyo 49: 509 (1935). 
13. Machaerina complanata (Bergg.) T. Koyama, comb. nova 
Cladium complanatum Bergg. in Minnesks. Fisiog. Sallks. Lund. n. 8: 23 
(1877). 
14. Machaerina capillacea (Hook. fil.) T, Koyama, comb. nova 
Chaetospora capillacea Hook. fil., Flor. Tasman. 2: 81, t. 141, A (1858), non 
Nees. 
15. Machaerina crassa (Thw.) T. Koyama, comb. nova 
Baumea crassa Thwait., Enum. Plant. Zeyl. 353 (1864). 
16. Machaerina crinita (Stapf) T. Koyama, comb. nova 
Vincentia crinita Stapf in Philip. Journ. Sci. 19: 65 (1921). 
17. Machaerina cubensis (Kiikenth.) T. Koyama, comb. nova 
Cladiam cubense Kiikenth. in Fedde, Repert. 23: 213 (1926). 
18. Machaerina cyperoides (Merrill) T. Koyama, comb. nova 
Cladium cyperoides Merrill in Philip. Journ. Sci. 7: 74 (1912). 
19. Machaetina Deplanchei (Bécklr.) T. Koyama, comb. nova 
Baumea Deplanchei Bockeler in Flora 61: 143 (1878). 
20. Machaerina dissoluta (Stapf ex Setchell) T. Koyama, comb. nova 
Vincentia dissoluta Stapf ex Setchell in Dept. Marine Biol. Carnegie Inst. 
Washingt. 20: 111 (1924). 
21. Machaerina disticha (C. B. Clarke) T. Koyama, comb. nova 
Cladium distichum C. B. Clarke in Philip. Journ. Sci. 2: 102 (1907). 
22. Machaerina Ekmanii (Kiikenth.) T. Koyama, comb. nova 
Cladium Ekmanii Kiikenth. in Fedde, Repert. 23: 213 (1926). 
23. Machaerina ensifolia (Boklr.) T. Koyama, comb. nova 
Elynanthus ensifolius Bockeler in Linnaea 38: 264 (1874). 
24. Machaerina elynanthoides (F. v. Miiller) T. Koyama; comb. nova 
Cladium elynanthoides F, v. Miiller, Fragm. Phytogr. Austral. 9: 31 (1875) 
—Elynanthus australis Nees in Lehm., Pl. Preiss. 2: 79 (1846). 
25. Machaerina ensigera (Hance) T. Koyama, comb. nova 
Cladium ensigerum Hance in Journ. Bot. 23: 80 (1885). 
26. Machaerina ficticia (Hemsley) T. Koyama, comb. nova 
Cladium ficticium Hemsley, Bot. Challenger Voy. 3: 59, t. 60, f. 5-7 (1885), 
in obs. 
27. Machaerina faleata (Nees) T. Koyama, comb. nova 
Baumea falcata Nees in Hook, Kew Journ. 6: 29 (1804). 
98. Machaerina glomerata (Gaudich.) T. Koyama, comb. nova 
Baumea glomerata Gaudich., Freyc. Voy. Bot. 416, t. 29 (1826). 
29. Machaerina gracilis (J. M. Black) T. Koyama, comb. nova 
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Cladium gracile J. M. Black in Trans. & Proc. Roy. Soc. S. Austr. 53: 261 
(1929). 
30. Machaerina Huttoni (T. Kirk) T. Koyama, comb. nova 
Cladium Huttoni T. Kirk in Trans. N. Z. Inst. 9: 551 (1877). 
31. Machaerina insularis (Benth.) T. Koyama, comb. nova 
Cladium insularis Bentham, Flor. Austral. 7: 403 (1878). 
32. Machaerina iridifolia (Baker) T. Koyama, comb. nova 
Cladium iridifolium Baker, Flor. Maurit. 424 (1877). 
33. Machaerina iris (Ohwi) Ohwi et T. Koyama, comb. nova 
Cladium iris Ohwi in Bot. Mag. Tokyo 41: 208 (1942). 
34. Machaerina juncea (R. Br.) T. Koyama, comb. nova 
Cladium junceum R. Br., Prodr. Fl. Nov. Holl. 237 (1810). 
35. Machaerina juncoides (Elmer) T. Koyama, comb. nova 
Cladium juncoides Elmer, Leafl. Philip. Bot. 3: 854 (1910). 
36. Machaerina latifolia (Merrill) T. Koyama, comb. nova 
Cladium latifolium Merrill in Philip. Journ. Sci. 2: 262 (1907). 
37. Machaerina latissima (F. v. Miiller) T. Koyama, comb. nova 
Cladium latissimum F. v. Miiller, Fragm. Phytogr. Austr. 9: 15 (1875). 
38. Machaerina laxa (Benth.) T. Koyama. comb. nova 
Cladium laxum Bentham, Flor. Austral. 7: 405 (1878). 
39. Machaerjina macrophylla (Bécklr.) T. Koyama, comb. nova 
Vincentia macrophylla Bockeler, Allg. Bot. Zeitschr. 112 (1896). 
40. Machaerina Maingayi (C. B. Clarke) T. Koyama, comb. nova 
Cladium Maingayi C. B. Clarke in Hook. f., Flor. Brit. India 6: 674 (1896). 
41. Machaerina Gaudichaudii (W. F. Wight) T. Koyama, comb. nova 
Cladium Gaudichaudit W. F. Wight in Contrib. U.S. Nat. Herb. 9: 230 
(1905). 
42. Machaerina Melleri (Baker) T. Koyama, comb. nova 
Cladium Melleri Baker in Journ. Linn. Soc. 21: 451 (1885). 
43. Machaerina micranthes (C. B. Clarke) T. Koyama, comb. nova 
Cladium micranthes C. B. Clarke in Kew Bull. add. ser. 8: 46 (1908). 
44, Machaerina Milnei (C. B. Clarke) T. Koyama, comb. nova 
Cladium Milnei C. B. Clarke in Kew Bull. add. ser. 8: 46 (1908). 
45. Machaerina monticola (Guillaumin) T. Koyama, comb. nova 
Vincentia monticola Guillaumin in Bull. Mus. Hist. Nat. Paris 2¢ sér., 9: 304 
(1937). 
46. Machaerina Muelleri (C. B. Clarke) T. Koyama, comb. nova 
Cladium Muelleri C. B. Clarke in Kew Bull. add. ser. 8: 47 (1908). 
47, Machaerina monocarpa (J. M. Black) T. Koyama. comb. nova 


Schoenus monocarpus J. M. Black in Trans. & Proc. Roy. Soc. S. Atstr. 52: 
225 (1928). 
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48, Machaerina malesiaca (Stapf) T. Koyama, comb: nova 
Vincentia malesiaca Stapf in Journ. Linn. Soc. 42: 178 (1914). 
49. Machaerina nipponense (Ohwi) Ohwi et T. Koyama, comb. nova 
Cladium nipponense Ohwi in Mem. Coll. Sci. Kyoto Imper. Univ. ser. B, 18, 
More: 1) (1943). 
50. Machaerina nukuhivensis (Forst) T. Koyama, comb. nova 
Cladium nukuhivense Forst ex Brown in Bull. Bishop. Mus. Honolulu no. 84: 
111 (1931). 
51. Machaerina pantopoda (Baker) T. Koyama, comb. nova 
Cladium pantopodum Baker in Journ. Linn. Soc. 21: 451 (1885). 
52. Machaerina philippinensis (Merrill) T. Koyama, comb. nova 
Cladium philippinense Merrill in Philip. Journ. Sci. 5: 171 (1910). 
53. Machaerina ponapensis (Ohwi) Ohwi et T. Koyama, comb. nova 
Cladium ponapense Ohwi in Journ. Jap. Bot. 18: 136 (1942). 
54. Machaerina procera (S. T. Blake) T. Koyama, comb. nova 
Cladium procerum S. T. Blake-in Trans. Roy. Soc. S. Austr. 67: 57 (1943). 
55. Machaerina riparia (Benth.) T. Koyama, comb. nova 
Cladium riparium Bentham, Flor. Austral. 7: 405 (1878). 
56. Machaerina Robinsonii (Merrill) T. Koyama, comb. nova 
Vincentia Robinsonii Merrill in Philip. Journ. Sci. 11: 258 (1916). 
57. Machaerina rubiginosa (Soland ex Forst) T. Koyama, comb. nova 
Schoenus rubiginosus Soland ex Forst, Prodr. 89 (1786) —-Cladium glomerata 
R. Br., Prodr. Fl, Nov. Holl. 237 (1810). : 
58. Machaerina punctata (R. Br.) T. Koyama, comb. nova 
Schoenus punctatus R. Br. Prodr. Fl. Nov. Holl. 232 (1810) — Schoenus nudus 
Steudel, Syn. Pl. Glumac. 2: 165 (1855). 
59. Machaerina samoensis (C. B. Clarke ex Stapf) T. Koyama, comb. nova 
Cladium samoense C. B. Clarke ex Stapf in Trans. Linn. Soc. Bot. 4: 245 
(1894). 
60. Machaerina schoenoides (R. Br.) T: Koyama, comb. nova 
' Cladium schoenoides R. Br. Prodr. Fl. Nov. Holl. 237 (1810). 
61. Machaerina scirpoidea (Benth. et Hook. f. ex Hemsl.) T. Koyama, comb. nova 
Cladium scirpoideum Benth. et Hook. f. ex Hemsley, Bot. Challenger Voy. 3: 
59. f. 1-4 (1885). 
62. Machaerina Sinclairii (Hook. fil.) T. Koyama, comb. nova 
Cladium Sinclairiit Hook. fil., Handb. N. Zeal. Fl. 304 (1864). 
63. Machaeria pulchra (Ridley) T. Koyama, comb. nova 
Cladium pulchrum Ridley in Journ. Federated Mal. States Mus: 6: 192 (1925). 
64. Machaerina sinuata (Ridley) T. Koyama, comb. nova 
Cladium sinuatum Ridley in Trans. Linn, Soc. Bot. 9: 243 (1916). 
65. Machaerina stradbrokensis (Domin) T. Koyama, conib. nova 
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Cladium stradbrokense Domin in Bibliothec. Bot. 85: 476 (1915). 
66. Machaerina sucinonux T. Koyama, spec. nova e sectione Machaerina (Vahl). 


Perennis. Culmus erectus 5-9 dm altus firmus a latere compressus stramineo- 
virens opacus praeter angulos scaberulos laevis striatus infra medium foliatus 3-4- 
nodosus, internodiis 10-17cm longis vaginis foliorum fere obsitis. Folia caulina 
erecta quam inflorescentia paullo breviora vel aequantia, laminis ensiformibus a 
latere valde compressis 20-45cm longis 4-5.5mm latis subcoriaceis glaucoviridibus 
in sicco laevibus interdum margine sursum scaberulis apice abrupte contractis 
breviter subacutis basi in vaginas longas culmum subarcte circumdantes compressas 
vix attenuantibus, ligulis vix productis. Inflorescentia paniculata bis ter composita 
elata sed sublaxa 40-55cm longa 3-5cm lata; paniculae secundariae plures 10-25cm 
longae ex unica bractea 1-3-nae contiguae longe exserte vel subincluse pedunculatae 
valde ramosae, pedunculis subcompresse triquetris laevibus, bracteolis spathaceis 
longiuscule vaginantibus, paniculis tertiaribus linearibus sublaxe plurispiculosis ; 
Bracteae infetiores foliaceae paniculis partialibus suis breviores basi longe vaginatae, 
superiores in vaginam sursum ampliatam reductae. Spiculae maturitate ovoideae 
ellipsiodeaeve 3-4mm longae 1.5-2mm in diametro fuscae 3-4-squamatae uniflorae. 
Squamae imbricatim dispositae ovatoellipticae vel ellipticae membranaceae fusce- 
scentes et fuscostriatae naviculares sursum hispidoscabrae spice subabrupte angustatae 
acutae mucronatae, carina uninervata; summa vacua 2.5mm longa; sequens fertilis 
summa paullo grandior; inferiores etiam vacuae eae superiores 2 similes sed paullo 
angustiores brevioresque dorso fere ex toto hispidae. Nux ellipsoidea 2-2.2 mm longa 
1.5 mm in diametro obtuse trigona facie fulvosucina nitida grosse rugosa basi sub- 
sessilis; stylopodium rostriforme conicolineare cum 1/2-nuce subaequans ex toto 
perdense tomentosohispidum albescens ; stylus gracilis longus erectus, stigmatibus 3 
recurvis longiusculis papulosis. Stamina 3. 

Bonin: Ins. Hahajima (K. Sawatari, n. 86!—Holotypus in Herb. Univ. Tokyo- 
ensis ). 


67. Machaerina tenax (Hook. fil.) T. Koyama, comb. nova 
Lamprocarya tenax Hook. fil., Flor. N. Zeal. 1: 277 (1853). 
68. Machaerina teretifolia (R. Br.) T. Koyama, comb. nova 
Cladium teretifolium R. Br. Prodr. Fl. Nov. Holl. 237 (1810). 
69. Machaerina tetragona (R. Br.) T. Koyama, comb. nova 
Lepidosperma tetragonum R. Br., Prodr. 235 (1810). 
70. Machaerina undulata (Thw.) T. Koyama, comb. nova 
Cladium undulatum Thwaites, Enum. Plant. Zeyl. 353 (1864). 
71. Machaerina vaginalis (Benth.) T. Koyama, comb. nova 
Cladium vaginale Bentham in Benth. et Miiller, Flor. Austral. 7: 408 (1878). 
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Summary 


1. In this article, the author intended to divide the Genus Cladium in a wide 
meaning into two natural groups, Cladium sensu stricto and Machaerina, by their 
morphological characters including the pollen grains. 

2. In the former group, leaves are coriaceous, dorsiventrally flattened and always 
3-ranked, and achenes are somewhat drupe-like and not crowned by distinct beak 
at apex, whereas the latter has bilaterally compressed or terete leaves usually 2- 
ranked and has achenes crowned by a distinct beak often scabrous at tip. 

3. This division also very well agrees with the features of pollen grains, which 
are represented by 1-6-aperturate type in the former and polyforate type in the 
latter. 


4. Concerning the generic name of the latter, Vahl’s Machaerina is legitimate. 
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In the preceding paper? culture conditions which favoured the growth and the 
brown pigmentation of Saccharomyces ellipsoideus in copper-containing media were 
reported, with the conclusion that the predominating copper-resistant substrain, 
R;p, can synthesize glutamic acid and aspartic acid from ammonium sulfate even 
in copper media in which the parent strain cannot. Nitrogen metabolism seems to 
be important when one considers how yeast cells are injured by copper and how 
resistant cells can survive the copper injury. Hence some experiments have been 
made to see the effect of various amino acids on the inhibition of sensitive cells 
by copper. Here the results are reported. 


* This investigation was performed with the Grant for Fundamental Scientific Research. 
** Biological Laboratory, Faculty of Literature & Science, Konan University. 
*** Botanical Department, Faculty of Science, Kyoto University. 
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Material and Method 


The strain of. Saccharomyces. elliposideus used was the same one as in the 
previous reports!2345),. The stock cluture of the parent strain was kept on malt 
extract agar, and cells were cultured on MH* -agar before each experiment. 
The copper resistant substrain, R;,, was obtained, as before, by streaking the parent 
strain on the MH-slant containing 1mM of CuSQ,, followed by successive subcul- 
tures on the same medium. The growth was brown when the culture medium 
contained certain concentrations of copper!®. Rj,» cultured on the copper free MH- 
agar is called Ryp (0). 

For experimental cultures, glycine in the h-medium** was replaced by each one 
of other 19 amino acids or by ammonium sulphate, to equal the amount of nitrogen. 

Commercial noodle-shaped agar was added to 2% for slants, and to 1.5% for 
pour-plating media. The sterilization was made under 10 psi. Copper media were 
prepared by mixing a calculated amount of sterile solution of recrystalized CuSQ,- 
5H20 with the sterilized culture media before solidification, at 43-45° C. The incuba- 
tion temperature was 30° C. 

The effect of nitrogen source in the case of the parent strain surviving the 
copper injury was determined in the two ways: a) by determining the “variation 
point”, namely the minimum copper concentration at which the growth can be 
resumed only by secondarily developing resistant colonies, and b) by determining 
the survival ratios at various copper concentrations. 

The first method is based on a hypothesis that cells of the inoculated sensitive 
strain will not be overgrown on a copper medium by resistant variant cells, so far 
as the former can grow rapidly enough thanks to the supplemented amino acid. 
Graded amounts of copper were added to each of the media provided with different 
nitrogen sources. A loopful of a cells suspension (ca. 108 cells/ml.) was streaked 
straight on each slant, and the growth behaviour was observed after a week’s 
incubation at 30° C. 

For the second method, a definite volume of cell suspension was mixed with 
each of different media at 43°C, before they solidified. Portions of each mixture 
were mixed with measured volumes of a copper solution, and 10 or 20 ml each of 
them was poured into a Petri dish severally, the control plates containing no added 
copper. The ratio of the number of visible colonies appearing in the copper plate 
to that in the corresponding control plate was named the survival ratio. 


The carbon dioxide evolution was measured with Warburg’s manometer under 
the nitrogen atmosphere at 30° it 


* KH2POq4 3g, MgSO4- 7H20 2g, peptone (Funai) 5g. cane sugar 100g, distilled water 1,000 ml, 
malt extract (Bé 8%) 360 ml. 


** KH2POq 3g, MgSO,. 7H20 1g, (NH4)2SO0,4 1g, glycine 1g, cane sugar 50g, distilled water 1,000 


ml, thiamine 200u.g, pyridoxine 200yg, nicotinic acid 200g, pantothenic acid ep 


biotin 2y2g, 
inositol 10,000yg, riboflavine 200yg, PABA 200u.2. 
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Results 


Variation point. The parent strain was streaked on the 20 kinds of media differ- 
ing from each other in the nitrogen source. The growth patterns observed after 7 
days of incubation are summarized in Table 1. This shows that some amino acids 
enabled the streaked cells grow rather uniformly even when the copper concentra- 
tion of the medium was high, while some others did not even with lower concentra- 
tions of copper. In the latter case, the growth stopped when a thin film of cells 
was formed, followed by the growth of variant colonies distributed spottedly on the 
background film. The growth pattern and the colour tone of variant colonies were 
not quite the same for all kinds of the medium; in the extreme cases, for example, 


Table 1. Variation points of the parent strain streaked on media containing different amino 
acids and graded amounts of copper, observed after 7 days of incubation. +: growth 


by secondary colonies. —: growth without secondary colonies. 
ie Onaga Cu concentration, 0.1 mM/1. 
Class paroeen ! 
ei pe Zs oer ee Gor noe te 10 to 


dl-«-Aminobutylic acid 
dl- Threonine 


NH4SO4 only + 
E 1-Histidine-Hcl 25 
1-Arginine-Hcl se 
1-Lysine-Hcl mee 
Tyrosine sha ete 
D di-8-Phenylalanine Se 
l- Proline Soh Ts 
dl- Valine — =e + 
Glycine = = et 
Cc dl-«-Alanine - -— + 
dl-~-Aminoisobut ylic =e 
acid 
dl- Methionine a = cE ae 
l- Leucine = 1 + 
B dl- Isoleucine = = = + 
dl- Serine = = = + 


+ 


l- Na-Glutamate 
A l- Na-aspartate 
dl- Norleucine — 


| 
Iai 
| 
i 
Ia! 
ie 
| i 
ists 


the primary growth was thicker on the medium containing phenylalanine than on 
others, and the secondarily growing colonies were white on the one containing 
methionine. However, the two-stepped growth observed on any of the tested media 
seemed to fall in the same category of phenomena as that observed on the MH- 
medium containing copper*4®. 

The results as shown in Table 1 were reproduced in the general trend, in 
repeated experiments. And the amino acids tested were classified from A to E 
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according to their ability of helping the smooth growth of the sensitive strain in 
the presence of copper. 

Survival ratio. The survival ratios of the parent strain were determined by the 
pour-plate method, using the media containing each of amino acids belonging to 
classes A, B, C and D according to the foregoing experiment. The results, as repre- 
sented in Table 2, show that some of the amino acids of each class do, and the 
others do not, give significant survival values at copper concentrations correspond- 
ing to the variation point of the class. Noteworthy is the fact that, with the copper 
medium containing glutamate or aspartate, even the parent strain can survive as 


Table 2. Survival ratios of the parent strain in the media containing one of the various amino 
acids and different concentrations of copper, compared with those of Ryp (0) in the 
medium containing glycine. 


Seay Class re Kinino ned Cu concentration, 0.1 mM/1 
Vapi aed 33.5 A /26" Se bertiod esis 
D Phenylalanine 52 45 14 S70 
Proline 35 —- O 0 
“ts os = | 
| 
Valine 455 — 23 — 0} 
S Glycine* 65. 20° Qib-a Mita eal 
«-alanine 14 — §8 0 | 
— a | 
Leucine 35 oe 175 a0 
Parent Isoleucine ZS a OO | 
B Serine 53 — 29: 0 
Aminobutylic 9 9; 0 
acid 
Threonine 50 32 | 0 
= | 
| 
Na-glutamate | 75 50 2 
A Na-aspartate | 90 22 re ‘ 
Norleucine 0 010 0 
| 
Ryp (0) Cc Glycine* 100 100 100 100 81 | 54 0 0O 


* Standard medium. 


well as, or even better than, the resistant strain plated with the 


standard copper 
medium of which the organic nitrogen source was glycine. 


It is suspected that these dicarboxylic amino acids catch more copper outside 


cells than other amino acids do. It was reported in the previous paper that the 


parent strain grown on the copper medium containing glutamate coloured brown 


conspicuously, indicating that the metabolism was interfered with by copper which 


had entered in the cell. In order further to make matter clear, the survival ratios 


of the parent and the resistant strains were compared to each other using the 
media containing glycine, glutamate and aspartate. The results are presented in 
Table 3. With the glycine medium, the survival of the parent strain became nil at 
the copper concentration where the survival of the resistant strain was 95%. The 
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Table 3. Comparisom of survival ratios of the parent and of Ryp (0) strains. 


Amino acid pile . Cu concentration, mM/1 
in medium OsOson 0-490 45 e050 016) 07) -0,89610 81.2) 15 
Shes 65 20 9 0 0 0 0 
: ° Rip (O) 100 100 100 Gon Ol aed a7 0 
Glycine Ratio 065 020009 0 0 0 O 
P: Rip (0) 
Parent 90 22 0 0 0 
Aspartate Bib (0) 100 100, 95-680, 78 
atio 
P: Ryp (0) | O90 @ 1 O22K 0 at-Oinnd 
Parent 75 50° 32 18 5 
Ghitsmute Rip (0) 85 70 55 40: .30 
Paki) 0.89 0.71 0.58 0.45 0.17 


circumstances were the same also with aspartate, although the copper concentra- 
tion at which practically no parent cells survived was higher in this case. With 
glutamate, on the other hand, the survival ratio of the parent strain was not much 
inferior to that of the resistant strain up to high copper concentrations. If gluta- 
mate were effective only by reducing the effective concentration cf copper, the 
resistant strain should keep very high survival values so long as the survival ratio 
of the parent strain is more than a few percent. Hence it is concluded that if the 
medium contains a certain amount of glutamate, the parent strain can survive well 
in high concentrations of copper, not solely because the effective copper concentra- 
tion is reduced by glutamic acid, but because this amino acid helps the grownh of 
the parent cells in the presence of copper. According to polarographic determina- 
tions, too, in the glutamate medium to which CuSO, was added to give concentra- 
tions of 0.6 ‘and 1.2mM/I1 the activity of copper ion was roughly the same as in 
the standard and the ammonium sulphate media to which the same amounts of 
copper were added respectively. 

Hence it can be surmised that, in the presence of copper above a certain level, 
the parent strain cannot synthesize a sufficient amount of glutamic acid (or inter- 
mediates to be derived from this) from ammonium and glycine, as well as other 
amino acids so far tested. 

All the Ry, (0) cells can grow in the standard medium containing 0.45mM of 
copper (Table 2). This may mean that this strain can undergo the nitrogen 
metabolism necessary for growth well up to this concentration, using glycine and 
‘ammonium as the nitrogen sources. The decline of survival ratio ot Rip (0) due to 
a further increase in copper concentration can be alleviated if glycine is replaced 
by glutamate. Hence even in Rj» (0) the glutamic acid synthesis from glycine and 
ammonium seems to limit the growth at the high copper concentrations. 

A remarkable difference between the parent and Rp (0) strains seems to be 
involved in the ability of synthesizing glutamic acid from simple nitrogen sources 
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within a certain range of copper concentration. And there is a possibility that the 
copper resistance of R;,(0) involves as an important mechanism a relative immu- 
nity of glutamic acid synthesis from inhibition by copper. 

Aspartate, on thh other hand, does not help the survival of the parent strain 
so well as glutamate, although it is rather more effective than glutamate for Ryp (0) 
strain. The concentration of copper ion did not seem to be lowered by aspartate 
according to polarographic determinations. Hence it may be that when aspartate 
is supplied sufficiently, the nitrogen metabolism necessary for growth does not suffer 
complete inhibition almost up to 1.0mM of copper in the case of Ri,(0). Aspartate 
seems to be in a situation different from glutamate as to the copper injury of the 
particular two strains in question. 

CO, evolution. It is shown by the experiments described in the above and in 
the preceding paper), which have dealt with the growth in several days, that 
glutamate and aspartate are effective in reducing the copper injury. In order to 
see if these amino acids reveal their effectiveness within a short time of action, 
copper inhibition of the anaerobic evolution of COz was determined replacing glycine 
in the standard medium by glutamate or aspartate. 

Representative sets of experimental results are illustrated in Figs. 1 and 2. 
Since the amount of cells used for measurements was not determined by weight, 
comparisons are possible only among the values in each set of experiments. 

The first set, represented in Fig. 1, shows that the CO2-evolution of the parent 
strain (c) is, and that of Ri, (0) (b) is not, inhibited severely by 0.6mM of copper. 
When, however, glycine in the medium was replaced by glutamate (g, Fig. 2) and 
aspartate (h), the copper inhibition was not so strong. By eliminating sugar in the 
medium (i) it was shown that the COz measured with other media originated mostly 
from sugar, and not from amino acids. 


Discussion and Conclusion 


When the sensitive strain is inoculated on the synthetic h-medium which con- 
tains 0.4mM or more of CuSQ,, there occurs a slight confluent growth, followed by 
the growth of discrete secondary colonies consisted of copper resistant variant cells. 
It is assumed in this case that, if the sensitive cells, being helped by some agent, 
can grow on the copper medium so well as the resistant variant, they will continue 
growing on and will not let the latter have an advantage over them. The method 
of “variation point” is based on this idea. And amino acids were tested by this 
method how far they can help the sensitive strain growing in the presence of copper. 
The idea is supported by the following experiment. 

The parent strain was inoculated on the medium containing glutamate and 0.8 
mM of copper, and three successive subcultures were made on this medium. There 
virtually appeared no secondary colonies. The copper resistance of the culture was 
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Figures. The COp-evolution under the nitrogen atmosphere by about 107 cells suspended in 
1.1 ml of the standard culture medium modified as in the following: 


Curve a b c d e f g h i 
N-Source s s s s glut. asp. glut. asp. glut. or 
asp. 
Sugar + + + + + + + + = 
Copper = = AF a = = a =F = 
Strain Ee R P R Je P 1p le? 12 
N-Source, s: standard (Glycine-(NH,)2SO,); glut: glutamate-(NH4):SQ,; asp: aspartate- 
CNH4)2S04 
Sugar, —: 50 g/l sucrose; -: no sugar added. 
Copper, -: 0.6 m1/1 CuSO, (abscissa representing the time after the addition of copper); -: 


no copper added. 
Strain, P: parent strain; R: Ryp(0). 


then determined by plating in 1m Cu-MH-medium, after a passage through the 
copper-free MH-medium. The culture was found to remain as sensitive as the ori- 
ginal strain, notwithstanding that the copper concentration of the subculturing 
medium was so high as to make resistant cells predominate, if the amino acid in 
the medium belonged to the classes B, C, D or E in Table 1. Similar experiments 
were performed by subculturing the sensitive strain on the media which contained, 
together with various amino acids, copper at the concentrations by from 0.05 to 0.1 
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mM lower than the variation point characteristic of the respective amino acids. It 
was always found that the yeast cultured at copper concentrations below the varia- 
tion point remained unpredominated by resistant variant. The classes of amino 
acids as shown in Table 1 are expected, therefore, to represent how certain amino 
acids help the sensitive cells overcoming inbibition by copper. 

However, when amino acids were tested for their ability of allowing the sensi- 
tive strain show significant survival values at higher copper concentrations (Table 
2), leucines of B class were found less effective, and phenylanine of D class was 
more effective than is expected from the results represented in Table 1. The dis- 
crepancy according to the method may be due to a difference in what are measured. 
The survival ratio depends on the number of visible colonies whether these are 
composed of sensitive cells or of resistant cells produced from them by variation. 
The variation point is, on the other hand, recorded high when the primary growth 
of the streaked cells was favoured by an amino acid so well as for the occurrence 
and the predominance of variant cells to be retarded. Another possible explanation 
of the discrepancy may be found in the fact that, in the survival ratio method, in 
which single cells are imbedded in the agar medium separately, a slight difference 
in’ the initial growth vigour often results in a marked difference in the number of 
visible colonies, because a clone consisted of a few cells is apt to lose the chance 
of further growth in copper media if the growth rate of it is just below a critical 
level, while it will grow to be a visible colony if the growth rate at this initial 
stage is just above the level. 

At any rate, of the amino acids so far tested, the two, glutamic acid and aspar- 
tic acid, are the most effective by either of the two methods. The suspicion that 
glutamic acid might catch and detoxicate copper ion outside the cell is dispelled by 
the polarographic determination of copper ion in the medium, and by the compari- 
son of survival ratios of the parent and of the Rj,» (0) strains in the copper media 
containing glutamate (Table 3). This table shows that the sensitive parent strain 
is relieved from copper inhibition by glutamic acid so that it can give survival 
ratios comparable to those of the resistant R,,(0) strain. It is attractive to suppose 
that one of the resistance mechanisms of Rjp(0) cells is the ability of synthesizing 
a sufficient amount of glutamic acid from simple nitrogen sources in the presence 
of copper. 

Table 3 shows, on the other hand, that aspartate raises the survival ratio of 
Rip(0) even higher than glutamate, while reverse is the case for the parent strain. 
Accoding to polarographic determination, the concentration of copper ion in the 
aspartate medium was not lower than those containing glutamate, glycine, or 
ammonium. The brown pigmentation of cells grown on the copper-containing 
aspartate or glutamate medium, as described in the previous report), indicates that 
a considerable amount of copper has entered the cells. Aspartic acid seems to play 
a role somewhat different from glutamic acid in the sensitive as well as in Ry cells 
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growing on copper media. 


Manometric measurement of anaerobic CQ:-evolution revealed that glutamate 
or aspartate could alleviate the inhibition by copper even in a short time of contact 
with cells. 

The above-mentioned effects of amino acids were much less when (NH,4)2SO,4 
was omitted from the media. The effect of glutamate and aspartate was, on the 
other hand, reduced when some other amino acids were supplemented to them. No 
difinite deduction is possible from these results, since the network of nitrogen 
metabolism, as its disturbance by copper, must be complicated. There is, however, 
a possibility that the most crucial difference between the sensitive and Rj,(0) 
strains is in the ability of synthesizing glutamic acid under the influence of copper. 
Various amino acids other than glutamic acid also can help the sensitive cells grow 
in media containing the copper at concentrations which may perhaps correspond to 
those inhibiting the metabolism of the respective amino acids. 


Summary 


1. The effect of various amino acids alleviating the copper injury of a strain of 
S. ellipsoideus was observed with three methods; a) determination of the highest 
copper concentration which does not permit a preferential growth of secondary 
resistant colonies on the streaked parent strain; b) comparison of the survival 
ratios of the parent strain and of a copper-trained substrain at various copper 
concentrations; c) reversal of copper inhibition of CO, evolution. 

2. The inhibition by copper was much reduced by the presence of Na-glutamate or 
Na-aspartate in the medium. 

3. The copper resistance of the predominating resistant strain, Rip, seems to rest 
on the ability of synthesizing gultamic acid in the presence of copper. 
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In 1952 the writer reported on the vascular dichotomy in the phyllomophore of 
Ophioglossum. Also in the same year he expanded his discussions to all the genera 
belonging to Ophioglossales. 

Concerning the genus Helminthostachyr, however, all he could do was to guess 
the vascular behaviour from works of classic authors, as he had no opportunity to 
getting access to the real specimens, and as the literatare he could get in touch with 
was quite limited. 

Judging from the drawings of Farmer and Freeman (1899), the vascular branch- 
ing from the phyllomophore toward the fertile frond (sporophyll) seems to be sup- 
plied through the extra-marginal method, as in Osmundopteris of Botrychiaceae As 
this plant seems to be much like Helminthostachys in many respects including the 
development of the long phyllomophore, the present writer assumed that the both 
might resemble each other also in their vascular systems. However, as the descrip- 
tions by Farmer and Freeman are not based on serial sections, no definite idea could 
be given by them about the manner in which the vascular bundles in the basal part 
of the phyllomophore are connected with those in the upper part.. The writer, there- 
fore, has always been thinking it necessary to collect sufficient quantity of the ma- 
terial in question to establish a firmer and more correct concept of the vascular type 
of Ophioglossales. Helminthostachys zeylanica is distributed in tropical and subtropi- 
cal regions, and the northern-most border line of its territories in the Far East passes 
the central area of the Loochoo (or Ryukyu) Islands: this species is found in Islands 
Okinawa and Kume, though not abundantly. If one wishes to collect a sufficient lot 
of specimens he should rather visit Island Miyako or the archipelago of Yaeyama, 
the islands scattered in the southern-most area of the Loochoos. 


* Biological Institute, Chiba University, Konakadai, CHIBA, Japan. 
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In the fall of 1953 the writer was in the occupied Loochoo Islands for two months, 
under the auspices Of the Japanese Ministry of Education and being permitted by the 
U.S. Far East Forces, for the purpose of collecting ferns. He could get many of 
various size, young and mature, specimens of Helmunthostachys zeyianica, as the prize 
of the trip. These specimens were pickled and brought home for closer inspections. 
Meanwhile, Nozu seems to have obtained some specimens of this species by mail from 
a plant collector in the Loochoos, and has published a report of his observations 
(1955) which are detailed as to certain features of the ramification of veins in the 
phyllomophore. Certainly he has made a little progress beyond Farmer and Freeman. 
His report, however, seems to lack the observation of the vascular division in the 
basal part of the phyllomophore. This part must be very important, for the vascular 
supply toward the sporophyll originates in it. Therefore, it is very hard to suppose 
otherwise than that his specimens might be incomplete and has lost the rhizome or 
the lowest part of the phyllomophore. At any rate, the whole-length picture of the 
vascular system in the phyllomophore has not been given yet. 

Having studied thoroughly the specimens brought back with him, the present 
writer has come to the conclusion which is deviated a little from what he put for- 
ward before, and at the same time he has found certain features which should be 
interpreted in the way different from that of Nozu’s. 

In the previous papers, the writer assumed that the methods of branching and 
also of the initiation of the vascular supply for sporophyll, in Helminthostachys zev- 
lanica, would be “ extra-marginal”. This was pointed out by Nozu not to be true. 
Instead, he concluded that the method should be marginal. The writer now has also 
fonnd that the method is not the true extra-marginal one, but he would not agree 
with Nozu whose descriptions seem to be rather vague.’ 

The writer considers the branching method in the phyllomophore of Helminthos- 
tachys zeylanica to be very unique and proper to the species. No other plants in 
Ophioglossales have ever shown a branching method like such. It seems, however, 
that the method must be in close relation to the extra-marginal method, probably be- 
ing its modification. 

The present work is one of the contributions in the studies of the ferns collected, 
under the aid of the Ministry of Education, in the Loochoo Islands. Before going 
farther the writer wishes to thank Professor Fumio Maekawa of the University of 
Tokyo, Hongo, Tokyo, for his kind guidance and valuable advices given during the 
course of study. He also thanks Professor Shunichi Shimabukuro of the University 
of the Ryukyus, Shuri, Okinawa, for his kindness given during the collecting trips. 
His gratefulness is due to Messrs. K. Kuroshima, K. Hosohara (Isl. Iriomote), M. 
Miyara (Isl. Kobama), and J. Kakinohana (Isl..Miyako), who helped him to collect 
materials and guided him in collecting trips and excursions in the respective island. 
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Material and Methods 


- All the specimens were. collected by the writer himself in Islands Iriomote, 
Kobama and Miyako, Loochoos, in September and October, 1953. 

The specimens were immersed, immediately after collection, in formalin-acetic 
acid-alcohol and were brought to his laboratory. Serial sections of the phyllomophore, 
15 w thick, were prepared by the ordinary paraffln method and were stained with 
Heidenhain iron-alum haematoxylin, with or without the counter stain, safranin. 


Observations 


The vascular trace for the phyllomophore originates from the solenostelic main 
bundle in the rhizome and it soon becomes mesarch (Figs. 1 and 2). This is first 
dichotomy which is similar to that found by Chrysler (1945) in Botrychiaceae. Nozu 
(1950, 1955) called such branching in Sceptridium japonicum Lyon “sympodial dichoto- 
my”. In Helminthostachys zeylanica it seems more natural to call this kind of branch- 
ing “ monopodialized dichotomy ”, for the creeping rhizome of this plant produces the 
phyllomophcre only from its upper, dorsal side. Then the second dichotomy occurs 
in a plane perpendicular to that of the first, and the trace is divided into two equal 
mesarch strands (Figs. 3 and 4). Soon thereafter the third dicotomy takes place in 
a plane perpendicular to the previous plane, namely in a plane parallel to that of the 
first dichomy, and each of two mesarch strands is subdivided into two. Hence there 
are four strands which have changed the status from mesarch to endarch, as viewed 
in cross sections (Fig. 5). These features had already been described in detail by 
classic authors, Farmar and Freeman? (1899) and Lang” (1915), long before Nozu’s 
report? (1955) appeared. 

Among these tour strands the adaxial ones may give off, from their adaxial 
ends, the vascular bundles toward the sporophyll. In smallar or younger plants, 
both of the two adaxial strands play this role of contributing to the sporophyll, but 
in larger plants only one of them will take part in this division (Fig. 6). The method 
as such could by no means be called irregular or provisional as it has been expressed 
by Nozu (1955), It must rather be characteristic of Helminthostachys. 

Before the vascular supply for the sporophyll departs from the phyllomophore, 
these four strands divide themselves, increase in number to eight or up to twelve in 
total, and will be arranged to take C- or ©-shaped pattern in cross sections 
(Figs. 6—8). Meanwhile, either the right or the left adaxial end of the O-like arrange- 
ment of strands begins to behave very peculiarly, as is shown in Figs. 9—11: for 
example, a strand is given off from the right edge of the end-standing strand in the 
adaxial left side of the Q-like arrangement, and this strand again separates succes- 
sively off another branch-strand which then makes a spiral and anticlockwise involu- 
tion, goes into the pith, and turns itself inside-out until its xylem is faced to the axis 
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Figs. 1-16. Serial cross sections of the phyllomophore of Helminthostachys zeylanica. 
ehig: 17. Cross section of another specimen, corresponding with Fig. 16. 
Figs. 18-22. Serial cross sections of the phyllomophore of larger plant. 
Blacks are cognate strands from one adaxial bundle. 


of the rizome. This strand, now fell into the pith, becomes the origin of the medul- 
lary strands. Other vascular strands are also divided respectively and increase in 
number, but it is rather rare that they make networks with adjacent'strands. Both 
ends of the ©-like arrangement of strands approach close together to make a circle. 
These processes are seen in the lower parts of the phyllomophore. 

Soon thereafter the medullary strand is divided into two, still beging involved 
within the pith (Fig. 12). Now the left end of this divided medullary strand comes 
close to the strand which has been still located in the adaxial, left end of the ()-like 
arrangement. Thus the medullary and adaxial strands are arranged to make an 
inner small circle and will cooperate to form the vascular supply for the sporophyll 
(Fig. 13). While making such a circle, each of the medullary strands is divided 
also in a periclinal (tangential) plane, separating a strand toward the abaxial 
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direction, and, by the aid of some abaxial members in the ©-like arrangement of 
strands, contributes the vacular supply for the trophophyll or sterile frond (Fig. 
14—16). If, on the other hand, the medullary strand originates from the end of the 
adaxial group of right side half in ()-like arrangement it has to make a clockwise 
involution. In no case were there observed both of the two ends giving off medulla- 
ry strands simultaneuosly. Whether the medullary strand originates from the right 
or the left, namely whether it makes a clockwise or an anticlockwise course of in- 
volution, seems to be proper to each individual plant. There are two or three buds 
at the base of the phyllomophore and they are enveloped with stipular appendages. 

As these buds, which are going to follow the preceding shoot, are vascularized 
already to a remarkable extent, we may readily be able to observe three to four 
shoots in total if we make sections across the apex of rhizome, in the base of the 
present-time phyllomophore. Among seven specimens observed, two showed clock- 
wise and four showed anticlockwise involution, while one has altered the vascular 
running from clockwise to anticlockwise in the last, youngest shoot. The writer 
has not yet been able to find out what determines the direction of the vascular in- 
volution, although he thinks some ecological conditions might not be ignored. 

In smaller specimens, the vascular supply for the sporophyll consits of both 
adaxial ends ot the ()-like arrangement in the phyllomophore. One of them is 
larger than the other and separates off a strand which runs spirally into the pith. 
The latter then separates off the strands for the trophophyll. In larger, well-deve- 
loped specimens, on the other hand, the sporophylls are supplied with the vascular 
bundles which consist of only one of the adaxial strands running inward and spirally. 
Such is not a provisional case, but it represents a definite propensity. An example 
is shown in the figures (Figs, 18—22). Such method of branching have not yet 
been reported in any species other than Helminuthostachys zeylanica, either in 
Ophioglossales or other groups of the ferns. 


Disscussion and Conclusion 


The writer has been considering, before the completion of his work, the branch- 
ing method of vascular supply for the sporophyll :of this species extra-marginal, 
deducing from the descriptions by Farmar and Freeman, and has held it as a 
significant character to distinguish Helminthostachys from other genera of Ophio- 
glossales. 

Nozu® (1955) said recently that this branching follows not’ the extra-marginal, 
but the marginal method. It is now certain, throught the observations by the 
present writer, that the method of the vascullar branching toward the sporophyll 
should not be called the “true” extra-marginal, but it is also certain that the 
method does belong to the exira-marginal in a wider sense rather than to the 
marginal, for the strand, which originates from the adaxial end, makes_a spiral in- 
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volution and gives off the strands not only to the sporophyll but also to the 
trophophyll as well. At any rate, such could by no means be called the marginal 
method. 

Nozu described that the vascular bundles in the phyllomophore of his Helmin- 
thostachys were arranged in a “concentric ‘non-continuous’ (discontinuos?) ring”, 
as he figured in his report (p. 88, Fig. 3, B. 1—2c.). The present writer, however, 
could not observe any of such concentric arrangement, and he thinks that a careful 
inspection will make clear the involute arrangement which, at a glance, might be 
mistaken as concentric. 

As for the medullary strands, the description that “a medullary bundle is derived, 
at the base of the phyllomophore, from bundles on the ring” seems to be rather 
vague. The writer believes that the medullary strand is derived from an adaxial 
end of the strands arranged like-(), but it never will come out “from the bundles on 
the ring”. This point must be very important for understanding the character of 
the vascular behaviours in this fern. 

According to Nozu, there seems to have been recognized two types of medullary 
strands: the first type is derived “from bundles on the ring” and the second re- 
presents the strands which are spearated from the first type strands, namely the 
medullary strands for the trophophyll. He considers the first type more proper and 
the second provisional. As the present writer believes, however, it is very doubtful 
if it would make any sense to distinguish those two types, typical and provisional, 
for they must be related intimately with each other and may represent, with the 
cooperation of the whole strands, the modified extra-marginal method in all the 
specimens. That the medullary strands for the trophophyll depart secondarily from 
the so-called ‘‘first strands” is an intrinsic inclination in Helminthostachys and 

could hardly be considered provisional 

: as it has been expressed by Nozu (1955). 

@%e Qo In younger stages the vascular 
rw behaviour in the phyllomophore, as 
OO ew shown in Fig. 23, is common in all of 
the species, Sceptridium japonicum Lyon, 

e9%s Sceptridium ternatum Lyon, _Osmund- 

e® opteris viginiana Small, Osmundopteris 
stricta Nishida, and Helminthostachys 
zeylanica Hooker: the vascular trace for 
ao @& & the phyllomophore is divided into two, 


Fig. 23. Diagrams of vascular behaviours or into four in somewhat larger plants, 


in juvenile plants. as itascends the phyllomophore; but 
a: Sceptridium, b: Osmundopteris c: soon afterwards the two (or four) are 
Helminthostachys d: Helminthostachys, 
somewhat larger plant than c. ' = ; 
Black parts show xylems. which at last will be divided into three 


united again to form a single bundle 
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to run into the triphyllous (ternate) sterile frouds. Thus they have the common 
type of vascular branching while they are young, irrespective of their species. 

As the plant grows larger any of the three different methods, i. e. the marginal, 
the extra-marginal, and the modified extra-marginal like in Helminthostachys, will 
be derived from the common, juvenile type. The uique branching in the 
phyllomophore of Helmisnthostachys zeylanica appears to be derived first from the 
marginal method to get afterwareds, the extra-marginal character. Then the fertile 
bundle becomes to be supplied more strongly with strands from one end of 
the ©-like arrangement. Finally the sporophyll is supplied only with the adaxial 
strand from one of two ends of ©. In other wards, a single adaxial strand makes 
an involute running into the pith and makes a circle of bundles by itself in the 
sporophyll. 

This branching method in Helminthostachys is quite special and unique, and 
has never been found in other species of Ophioglossales. The writer, therefore, 
should like to call it the “ hetero-marginal method”, as it is distinguished with the 
tendency that the sporophyll is supplied mainly with a single, adaxial strand. The 
so-called marginal method, on the other hand, would more exactly be called the 
“‘iso-marginal method ”’ as the writer proposes. 

Thus the three kinds of branching method, iso-marginal, hetero-marginal and 
extra-marginal, could be established in the vascular supply for the sporophyll in the 
order Ophioglossales. 

The vascular arrangement in the phyllomophore of Helminthostachys, having 
the medullary strands, resembles that of the rhizome and stipe of Amgiopteris and 
Danaea which belong to Marattiaceae. Especially Danaea has a creeping rhizome 
and is much more like Helminthostachys in the mode of venation. These genera, 
however, have the true concentric arrangement of vascular bundles, and are quite 
different from Helminthostachys which has the involute arrangement. The medullary 
strands in Danaea originates from the adaxial strands and run in “zigzag spinal” 
(Brebner’) to make up the true concentric ring, but the fronds in this plant, no 
doubt, are not made solid by the combination of fertile and sterile fronds, namely, 


this plant has no phyllomophore at all, and its resemblance to Helmtnthostachys 
therefore, must be only superficial, 


Summary 


The vascular branching for the sporophyll in the phyllomophore of Helmintho- 
stachys zeylanica was described. Certain supplements were given to the recent obser- 
vation by Nozu (1955) on the same species and his opinions were criticized. 

The present writer proposed the term “ hetero-marginal method”, in contrast 


with marginal and extra-marginal method, to designate the vascular branching 
toward the sporophyll of Helminthostachys zeylanica as the vascular supply for the 
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sporophyll in this species has the tendency to be originating from one, instead of 
two, adaxial end of (-like arrangement of vascular bundles, and to run spirally 
into the pith of the phyllomophore. 

The writer also proposed “iso-marginal method” to replace the so-called 
marginal method, and attempted to establish three types of the methods, in the 
phyllomophore of the order Ophioglossales, iso-, hetero-, and extra-marginal, in 
order to express more precisely the character of the vacscular branching. 
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Phyllorachis represents a monotypic genus first described by Trimen in 1879. 
It’s single species, P. sagittata, inhabits Angola, Portuguese East Africa and Tanganika 
Territory in Africa. Although it is considerd to be one of themo st interesting 
genera from the point of view of phylogeny, it has not been studied either karyologi- 
cally or anatomically. A sample of seeds collected last year in Portugese East 
Africa, Garuso, was kindly supplied by Dr. H.G. Schweickerdt, and germinated in 
our experimental garden. The present author was able to subject the plants to a 
karyological and morphological study. The results of his observations and some 
considerations on the relationships of this genus to the others are reported in this 
paper. 


Observations 


1. First leaf of the seedling 
Avdulov (1931) pointed out that the first leaf of grass seedlings has a systema- 


* Contributions from the National Institute of Genetics, No. 128. 
** National Institute of Genetics, Misima, Sizuoka Pref., Japan. 
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tic significance; he distinguished two maintypes: Type I, first leaf elliptic or 


Phyllorachis sagittata Trimen Fig. 1. A transverse leaf section x 
ca. 500. Fig. 2. Siliceous epidermis cells x ca. 600. Fig. 3. A part 
of epidermis x ca. 300. Fig. 4. Seedling x 1, Fig. 5. Somatic 
chromosomes x 2000. Fig. 6. Starch grains in endosperms x 150. 


lanceolate, and horizontal or ascendent; Type II, first leaf linear and perpendicular. 
The former type characterizes the members of Paniceae, Andropogoneae, Chlorideae, 
etc., and the latter is shared by the members of Festuceae, Hordeae, Aveneae, Phala- 
riedae, etc. Phyllorachis sagittata belongs to Type I (Fig. 4). 


2. Starch grains of the endosperm. 

Hubbard (1939) mentioned that the starch grains in the endosperm of 
Phyllorachis sagittata were compound, This is in agreement with the present 
author’s observation (Fig.6) who previously (1954, 1955) reviewed the systematic 
significance of this character and found compound grains in a few members of 
Paniceae, although almost all representatives of this tribe showed simple starch 
grains. He concluded that further developmental investigations on starch formatron 
were required. Thecompound grains of Phyllorachis sagittata, however, are typical, 
suggesting that referring Phyllorachis to the tribe Paniceae is a mistake. 


3. Characteristics of epidermis and transverse sections of leaves. 


The anatomical characteristics of grass leaves were studied and reviewed by 
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Avdulov 1931), Prat (1936), Potztal (1952), etc. They can be classified as_ follows. 

Festucoid type—Chloroplasts are uniformly distributed throughout the mesophyll; 
epidermis lacks bicellular hairs and is characterized by siliceous cells that are 
round or rectangular. These characteristics are commonly found in members of 
typical festucoid genera. 

Panicoid type—Chloroplasts are localized in a few cell. layers surrounding 
directly the vascular bundles; epidermis includes dumb-bell-, cross-, or saddle-shaped 
siliceous cells and bicellular hairs. This type is divided into two following subtypes. 
Panicoid subtype, characterized by threadlike bicellular hairs and siliceous usually 
dumb-bell- or crossshaped cells, is found in members of Paniceae, Andropogoneae, 
Maydeae, etc. Chloridoid subtype shows thick clavate bicellular hairs and siliceous 
usually saddleshaped cells, and is found in the members of Chlorideae, Eragrosteae, etc. 

Bambusoid type—Chloroplasts are uniformly distributed throughout the mesophyll, 
the cell layer surrounding directly the vascular bundles has a characteristic feature 
in that it lacks chloroplasts; epidermis has threadlike bi-Cor several-) cellular hairs 
and siliceous cells similar to those of Panicoid type. Bambusoid type is represen- 
ted by members of Bambuseae and considered to be the most primitive with respect 
to the anatomical characteristics of the leaf. 

In the transverse sections of leaves of Phyllorachis sagittata, a cell layer surro- 
unding directly the vascular bundles is almost devoid of chloroplasts; chloroplasts 
were uniformly distributed throughout the mesophyll, which consisted of sponge-like 
and palisade-like parenchyma (Fig.1). The epidermis has threadlike bicellular hairs 
and somewhat dumb-bell-shaped siliceous cells (Figs.2—3), According to the clas- 
sification described above, Phyllorachis sagittata belongs to the Bambusoid type. 


4, Chromosome constitution. 

Root-tip cells of Phyllorachis sagittata show twenty-four small chromosomes* 
(Fig.5). This number suggests the basic chrosome number as 12 or 6; the meiotic 
behaviour was not observed. This finding seems to be very interesting concerning 
the phylogeny of Phyllorachis, since the basic chromosome number of 12 or 6 small 
chromosomes is found only in primitive grass groups such as Oryzeae, Arundineae, 


Bambuseae, etc. 


Considerations 


Bentham (1881) referred Phyllorachis to the tribe Paniceae. This view was 
followed by Hackel (1887), Chase (1911), Bews (1929), etc. However, Hackel (l.c.) 
himself remarked that the reference of this genus to Paniceae was :doubtful. Hub- 
bard (1939) expressed an opinion that this genus should constitute, together with 


* Root tips were fixed with Nawashin’s solution, embedded in paraffin and cut at 15 micra. 
Crystal violet was used for staining. The figure was drawn wich the aid of an Abbe drawing ap- 
paratus, 


86 fi  % RE HE 69 4 8124 Hf 31 42 4A 


Humbertochloa, having many similarities in common in gross morphology, an inde- 
pendent tribe, Phyllorachieae. His opinion was based on a study of external mor- 
phology and a few observations of anatomical characteristics of leaves and starch 
grains. Hubbard’s opinion was shared by Pilger (1954) who placed Phyllorachieae 
under his Subfam. Festucoideae. 

From the results of observations described above, the uncorrectness of placing 
Phyllorachis in Paniceae or Chlorideae may be clearly pointed out as follows; 1) 
almost all members of Paniceae or Chlorideae shew polyploid chromcsome numbers 
of basic 9 or 10, 2) members of Paniceae or Chlorideae have Panicoid type in the 
anatomical characteristics of leaf. These features which characterize almost all 
representatives of Paniceae or Chlorideae are not in agreement with those of 
Phyllorachis. 

On the other hand, Phyllorachis differs as follows from the typical members of 
Festuciformes group in the characteristics described above: 1) members of Festuci- 
formes group have large somatic chromosomes mostly showing polyploid numbers of 
basic 7, 2) the type of anatomical characteristics of leaf in Festuciformes group is 
usually festucoid, 3) the first leaf of the seedlings of Festuciformes group are 
linear and perpendicular. Phyllorachis never shows these characteristics. 

Phyllorachis sagittata must be a relic, considering the characteristics described 
above as well as the features of gross morphology ananlyzed by Hubbard (1939). 
Therefore, Phyllorachis together with Humbertochloa definitely should be treated as 
an independent tribe. Hubbard (1.c) suggests the near relationship of Phyllorachieae 
with Oryzeae, based upon some characteristics of gross morphology and the nature 
of starch grains. Hubbard’s suggestion is also supported by the karyological and 
anatomical characteristics reported in the present study. A large majority of Oryzeae 
show polyploid chromosome numbers of 12 as well as Phyllorachis and also resemble 
Phyllorachis in the anatomical leaf characteristics. Pilgar (1954) placed Phyllora- 
chieae in the Subfam. Festucoideae, and treated Oryzeae as an independent subfa- 
mily, Oryzoideae. It seems desirable that more thorough studies are carried out 
before deciding whether Phyllorachis belongs to Oryzoideae or must be treated as 
a member of Festucoideae. 

The author wishes to express his gratitude to Dr. H.G. Schweickerdt who kindly 
collected and supplied the seeds of Phyllorachis sagittata. The author’s thanks are 
also due to Dr. Y.Takenaka and Dr. J. Ohwi who helped him in many ways. 
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Sitiro SATo : On the Reduction of Janus Green B by Plant Embryo 


Slices and the Mechanism of the Specific Stainiug of Mitochondria. 


BALI YAY PF YOSGMOMR RY ZA 
7Y—yB(JG-B) CHRBALTs bay 
VORHRLEADEXDDO LO ECAZELKD, £ 
DEW RAE CARORTAEA BOSC L* 
xyz 

LOELMERSELTIE RAY FIVEL SMe 
DW CliBmiOSSLOAGC, DABAL< Me 
TOOLS SNKE. SHlLEL CMMs 
CHRBAWARAIC SL EFWCKENKOY DEB 
RLEAOCMETTHC& hk. FRECHE 
b42LL34, ThHOARRRK LIST < 
AALY ABs EOM(tA CHE SNe 4 OlL~ 
zhyry VyDPMPEF Fe yY CLE OME lev Bi 
BORE EREBE RT. HEMMar-cit JG-B 
CEE OMRAE PCI OCH REM SL 
LoOPRe tix, % Bid, BRAANKILS bb 
Nino AD MMR Ch So CHSLO-ERD 5 
% JIG-BCtESHI CGH CHNeEBMTSTCL 
(hibits LE CRBS CBBC CHS. COM 
Alks hay FY vy POR bias aE ia 
*bIVD 0 

badlc dst STC AAAI LSZ4O0 
CGhZC LER LE DOSES LEHNER Is 
CI, oC OPORMREZAROGCE CICME L, 
dSdbeC, LONER DDdVOHSZ2 2 
Y FY VOR ED EEO GUC OW CL 
DX~Bo 


A. BrEeGOrEKHTR 
(1) BRORA—BHMOIre vy tvs 


* RAPES DFAS eS 


YYRMOMRRAFA ELT FADLC JG-BC: 
10,000) KIAMICORTL, AA EARLE 

Bo TCKAR-FIFARDWSL, EAA 
LEDKMDRILASVFRATH RY A VUE 
Bo DN-—ORRVIVFIPEUE CHS Lirik 
Vo FREIOD BIC(MRIC So BA-TFA 
Rolin Gis¢ tb, CUT AAPUCLESKRUI 
CHIZESigo LAPLE ALTE S TEDRA 
FILA -VIARDWYISL, Eh < HAABO 
C&S, BRILL ASN -— TF AOD, D 
EORDPbLBWMPboILECED, AA-TTFA 
D PICA S. < ENCODE S(LSUHOH 9 lk 
BAASIS< ND. 

WEA P44 PITHORE SIAR TF 
FARILBELCBRAISSLTCREL, WDRILS 
REOEEDFTAARIDAS, KRFVYAPIE 
DCRbAX-PIARELALEOCE SEP 
FTAARPKLESS, COEKEORCEL EES, 
SHIBATA CHAE LCRA RO 
TOD CIS, BRE SIVS EPID SEROUS 
WCC S0, RAYRBCLED, Cub hicks. 
4 EBTEV. 

JG-B OPPOSE, fifass Lk OFSEIZ, JG 
-B © in vitro GOT, BRED Sv.icwe 
StHEBECUEBE LOCH S56, MHICEL 
AAR, Mifass kORUC L SSIS, ME 
Lk Siksots LUA OMI bk OBER BAS 
Who Deb bDUCMMCCALTH< Lik 
Tlkwo bab, CHIARA bc 
WSo 
BR-PFARDCORO AR PROUS KSSH 
A, SHOR < Cb SMa CRED CoFT, & 


88 ime Mm BOIS 8125 


Brita —HSO¢, MIC L SiG IG- 
B OE (Fe (bs £ UFR ARIA LER & OHAD 2 
ZPrbHA}5— IG-B OM(LiETE ZIT KV D5 
HE OURS Cb TAS Is C11 0 

(2) Bass KOMBERER—_—cHDOLS(LER 
(2 M/10 © » v eRe (PH6.8) Cem (1: 


10,000) ENRMRBKREL, CNIS ED | 


LLEARLOPEMEKE LT, A-ORPbe 
OELEBMAITI FLUC LK HIME OPE 
REZ ZARSLESU, EXCESS RWAHS DH, 
Ml tts Te CARMA MK L D> UT HIME LK 
COWSWITWRE LTC, ACMPb cond 
FARES CHIMUET So WFHNOLSWS 
HALLMAN. Hitt CSR 6S 9 
LOCMRKLECTKHF ES} LCOAB CE 
we, CERORGTRA bOD FO RW ED Leet 
Stk. BREDFOLICMPLCTCAR-F 
FARIS, BRVIZFIF CHER. CHEE 
EPEIWWSHEWAD, BX-PF ARDY 
WhOLHNS ESCM CLLRS 
Si (20°C (bv) CMBLCRAS ALK 
ED|LPORLA OBE b ts7e Uo 

(3) #—_OFeS SWE 80°C ORKIT 
105; IOI 4 & PELL S eR 
RELATES TESA RU CRACEE 
Wo 52°C, 3057-64 RUEHHESN, DREARY 
BVAFTAAPCEY, HMMS che OR 
(Lb BDV 

(4) pH—pH {if 5.3 ni¢S.t 6. 8 iF 
BV ERHASo 9F7HIC, pH 5.3 OAILEH 
SAAvPEAS pH 6.8 OFlLAF HH AV ICHO 
TW So Tid OMEN CLABES EA EDT 
ACWW 

(5) + BHE—pH 5.6 cv ree W- 
alpole) POMPORLSWL V vee TYE (Sdre- 
nsen) FIOMORMEBWRIENSZL, 604°C, 
Y TIBI OD ORBIT EKA PEW LIT + 
TPL EEODCWAR, VY VIRGMHKOBILY 
ALPFYAPIEOCW DAS HF THHAITBH SEE 
FAR SOT S, CHYMAORRICILG FRC 
HILMMHTEV 

C6) A\7R—AiKYEEM/1000 2 > Die 
I — Re Ss 6 TUBIRIT KD ROS LEIS 
(Z, AWSL5 DS CHV. LELOARR ED 


M# 31 4A 2 A 


D> CD PSE ORs (0. 6M): 2 >> FRB Y — KIKI 
IL UFD, ABER y 7 CHER LC MIRE CD 
SA 55H) BESECH5ERRe df 
23k, WIRE UCHR GABKE BES 
HEDLYOG IH, WHOCEAS SHNT CK 
Bo 2 FBV — AI LOCHEAE SNS. 
Lae Ltt <i < BROOD CAI 
Cake bs: agys 

(7) wzaveB—M/100 9 ve yRBic Lo 
CEA SLSUS HENS. MATIC 
FROFNLTF ARF FEDDATFAIEOCWS 
2B, we yRreRMLKAR CORT AEC 
FLAS <A CHS. TE yRRL 2 > PRE 
ARC MAcI< Oren $M/100) t, ~Py 
OC OPEAtbh bd < S. SHDUDM 
/100 D+ yiBR 5.6 APRS CE 55 Sh TeTATAL 
FAL ChOHNe TE YBRS. C ERITH OT 
L, ~e yRMOMSERItIZEACALM BONE 
CS. COLR RK +R YBILOLV SERe 
$OCWSo 

(8) GB——JG-B OB fA, fifaleeaee 
FCisto, ERBRMAtTNeBETS LEVdbin 
TWSol- MP LOLX OBER GIL, KCN D M/1000 
RS. ¢ CSR MBE OWS L, DAN-VFAR 
Dit C iT AlLc SB, LoL KCN #3. 
< EPAMHRIRIRIK << OX CHAI Is <NS. DE 
» RAE CILABRAA LETS. DRT 
FAR DWE Cs ¢ &, M/100 2105 BOG 
POMECLBBIRECK (BO BKY, Chit 
BMPS. 6 EMTS LBRUCHS, DRI 
MAAN CEPEFS LC FEVCL SU 
WLO ROME OLAN-—PIARDUSL, 
LIES < UTHAAICES, (LUDHDS BRE 
So < EVSMRRICORL, Lehax-Yor 
ROTI LECKMEL, DNA-TFIAR 
DI SALMIN, LX M/100 OFM 
RA TKEEAILBCS Oh, HhbdHROAR 
Kdstads ) ie 6 BAC SINCE LD 
N4So0 

(3) toth—+ 7 3— F¥ 7 (M/1000) 
® $6 TVR CLARA, LeLon 
% pH 7.0 M/10 ¥ y MeSH M/1000 1c 
DLEMICH RR 60 3> UF Hc HMBLEDE 
GIRO < LbW AH AEHD } 6 Nk. SH 


an itiliintd aed 


February 1956 


i, 25 UCHIMGH (405) Lee e sk 
(M/100) G%H4zt, Bfalkok ¢ HSH, 
8055 TICMIRILY AAP HFSFITHOCWHAZODIET 
AZAVOEECH ORS 

7 EMR GIM/300) & SABE LOTS, 
BB(LY — ® (M/100) (AVF LIABALDOH 
TEV 

AKER + ~~ Y CM/10) -C605}Aij MER 4 & BAB 
Piva SIEk IE CIES. 

Jea-NVYVSRyY MMAR, =F LVVUZ 
y (M/100)4 fe? Lo k 

(10) 4#—cORRCO JG-B MII 
BES LC SERA ED L 5 HS CH SDT 
BHA Ch So Le Lintsb 27> TRYIN ESE 
(2, +P VRtORIC L ZHBOMRMS, OD 
GIGI 7 A POW G 2 -> FIR iKSAH A AS 
SOC LUBE SNS. BRR bAMIT 
a> JIB ARKEROER JG-Bow TIC 4S 
ElELMABZADBR,, COHWEIT LW ¢ OBO 
TKPRBERAIMET S40 LBhdHNS. HB 
JBBLEGRWVOMRs bay FIVASALTYH 
ted f2> CHA. COSSAMK a> ZB 
AERA Db, FAs Bec HIG 
ESHA wMICBE LEV WAS B2bNS 
2, JG-B OM (tHICH AsV 4 Zc Nadi x 
ISOLWICDRbLST, AMET CELCES 
hoDb, €OL 45 ABIES < hcwhd 
So. 

BRA CLEMO SEV OMEROAM 
PR(LD 72D CHA}. BROPEMIC OW TIZGEK 
DOME ’HMLigWL, HAS IG-BLUBkeo 
<SBRL4LSA0C, CORAM CIIARE 
D> States aritpyamls 727. KRPEF RAY Y 
Y DSi IG'S 2 >> TERK SIBLE LON 
LSI EMEDWS OKC LWT S, 

B. Shay FY VOIG-BREOB AICO 
~—Cooperstein, Lazarov and Patterson (19 
535) (t JG-B OMPFCHALTI bRAYFIVO 
FGSAVE(S Te < SERRE OMIA 4 RIC CN 
WEP AL 5 Mine, MIDROAM ERR we 
DAE LS DITO TC DODRRDbSABUW TY 
So FLCC ORL IG-B PEAR SD 
VISIR OFZE FCRLENS E15 BBE LT 
Wt, ThaAavFIY+vO JG-BPEOBBCaAA 


Bot. Mag. Tokyo, Vol. 69, No, 812 89 


LC-HRETK® 5 SHICLS EAHMalR <b 
ty FYV EOE Mo BT & FRAME Re 
RCevve7gx~) LRLOF, IG-B RPS 
BRIT ESE RIET So LO: Lit LO 
TOA CHATS 1S fA HA, ELA 
Shay FVUV(EFh GV —AZFeYHK-—CRE 
HIC.S. ¢ ACL CHILE HO < IG-B PIRIGL 
Tao CORPRELT I bay FIV RGAE <S 
CECCOLD, ThA LSEZDZEEW 5 o 
AA PP HIROFEEF GS bay FUSS 
LEBRWO (IL, Fh 7V-AFKY K-—LO"E 
FASE LC, JG-B 23st SHAK» Lt 
Hr, 

LE LZ O*UCILOFO L 4 TBERD HS}, 
Bll TXDY OHA, btaw ORE, FS 
She OR ie YE COBMBWC IL, IG-B AKG 
(LUMBiBET SOM s kay FIVOS 
ct SHANI CHOC, JFRVATHEO MHA SS. < 
Dee MIA A-lLESD EV} BR TEVo 
$2, KLEMHOLIK, WORAMMABEE 
BEEDCH bite AETHI, LOWE 
CAFVERP BRAY 4 VU ORMERAZIXF CHEZ 
OB, COL BRIE 

3. Lazarov and Cooperstein? (149—{E,L 
GDNREL -C MBE L&E Ss bay FU 2d MHERe 
D JG-B MiShbe WRU CHEALMBENTFEL 
CWDS, TTHERPEOIEE C2 N 7D RIG 
PEDSZEB Tey E> 5 ARAEIL ZEN Goldacre® (LHR 
WAC LOC AY XN VOR CPM) WS EDE 
SOERRHELTWS LEBOC Lid ORR 
WET hay FVVO JG-BYEORRES AE 
FZ OPM UV dDEINE Bier. 
$4, DIVSORNC LRA AITHARRCT sb 
AY F UVES. ER ABO 4 1h ERIC Se 
ESRVNIG SEO”, BRILTHLEOLEA, 
tGama—_JG-B ICLZs bay FY vy hfe, 
PIED, FERRO L 5 (CRRA MIG e 4 OC HUA 
S42 CH456 

hb DICKEROL DICED bAREEE 
REECORKEOKMRESOPRAOPEARE 
DUIPRBRZBLCRALET. isa 
19554F.10 A tc BASH 0K Cs CH 
#HLR4OCHS— 


90 ii mw * MR BOO G Hs 8l2 eS | mp 31 4 2 A 


Summary 


Janus green B stains the periderm and the pith of hypocotyl and radicle of un- 
germinated seeds of Phaseolus vulgaris. The procambium, which contains no mito- 
chondria, is not stained from beginning to end of the procedure unless the cells 
are living Under a coverglass, the stain reduced and decolorized. This reduction 
is inhibited by heating (52°c for 30 min.), low pH, acetate buffer (M/10), malonate 
moroiodoacetate (M/1000), arsenite (M/300), and Pb(NO3)2 (M/10), and accelerated 
(M/100), by succinate (6M/10). These inhibitions and acceleration show that 
succinic dehydrogenase plays a role in the process of the reduction of Janus green 
B, presumably in directly under the present experimental conditions. 

Cyanide (M/1000) also inhibits the reduction. 

Without coverglass, i. e. in complete aerobic condition, the reduction dose not 
occur whether cyanide is present or not. 

The hypothesis of L Aazarow and Cooperstein on the mechanism of the specific 
staninig of mitochondria was criticized on the ground of the above stated experim- 
ental data and some theoretical considerations. 
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Yozo IWANAMI: Physiological Researches of Pollen IX 
The Starch and the Sugar in the Pollen Grain 
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(Tradescantia reflexa Rafin.) 
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Summary 


1) The digestion and deposition of the starch grains in the growing pollen of 
Tradescantia were observedaand figured. (figs. 1) 

2) In the immature pollen of Tradescantia, Lilium, Antirrhinum, Gladiolus and 
some other species the storage starch were found abundantly, but with the progress 
of maturation the starch grains became empty. (figs. 1, 3, 4) 

3) The mature pollen of Tyadescantia occured plasmolysis more easily than 
immature pollen (table 1). The result indicate that the storage starch are trans- 
formed into sugar. 

4) The sugars in the pollen of Impatiens, Zea, Narcisus, Camellia, Lilium, 
Cucurbita, and Antirrhinum were investigated by mean of paper chromatography. 
Sucrose, glucose and fructose were found in the respective pollen grains (fig. 5). 

5) On tne artificial culture media sucrose in the Lilium and Camellia pollen 
gradually removed, than glucose and frucotose increased (figs. 6). 
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In what respects does the copper-trained substrain differ from the parent strain ? 
How can the former grow easily in the presence of copper? ‘These problems should 
be approached from various respects. 

Minagawa) found that the inhibition by copper of fermentation is less with the 
resistant cells than with the parent cells. Naiki et al found that the former has 
a much higher copper-binding power than the latter, and Arakatsu e¢ al.2 have sug- 
gested that glutamic and aspartic acids favour the growth of the parent cells in the 
presence of copper. 

Growth must be supported by as much protein synthesis as is required, whether 
growth occurs in a beneficial medium or in an injurious one. When cells grow in 
the presence of copper, which may attack proteins and intermediates of nitrogen 
metabolism, aberrations in the nitrogen metabolism are highly conceivable. The 
present authors have begun with a study in the amino acid pool. 

The present paper reports the disturbances found in the amino acid pool of cells 
grown in some copper media. The paper begins with descriptions of the preliminary 
tests made to find proper procedures for the study of amino acid pool using paper 
chromatography. 


Material and Methods 


The strain of Saccharomyces ellipsoideus used in this experiment was the same 
one as used in the experiments reported previously*5®. The copper resistant sub- 
strains which are obtained by successive subcultures on the media that are poisoned 
with 1 and 4mM/1 cupric sulfate are called Ry, and Ry, respectively. These strains 
are brown coloured on the copper media. When these strains were transferred to 
the normal medium to which no copper was supplemented, the growth was not 
coloured brown. But they were found still resistant to copper when returned to the 
copper medium. Rj, and Ry cultured on the normal medium are called Rip) and 


Rip, respectively. 


* This investigation was performed with the Grant for Fundamental Scientific Research. 
** Botanical Laboratory, Faculty of Science, Kyoto University. 
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The culture medium used was what was called MH* in the preceding papers. 
Copper medium was prepared by adding a calculated amount of sterilized cupric 
sulfate solution to the sterilized MH medium at room temperature, the pH before 
inoculation being adjusted to 5.2 with NaOH. The incubation temperature was 30°C. 

Total nitrogen was determined with a modified micro-Kjeldahl method described 
by Y. Yagi?-®. Following heating with 50% sulfuric acid, all nitrogenous compounds 
were oxidized to ammonium sulfate, with hydrogen peroxide as a catalyzer. After 
cooling, excess sulfuric acid was neutralized with NaOH and sodium borate. Am- 
monium was converted to nitrogen gas by an excess of NaOBr. The remaining 
NaOBr was converted to NaBr by addition of KI. And the produced I, was titrated 
with sodium thiosulfate-starch solution as an indicator. Since 1 atom of organic 
nitrogen corresponds to 3/2 of NaBr, to 3/2 of Iz, and hence to 3 of NazS,03, the 


: ai wh 14.01 : 
nitrogen content in mg of the original sample is given by oe (Normality of 


Na.S.03 solution) * (Vo-V), where Vo and V represent the volumes in ml of thiosulfate 
solution needed for the titrations of the blank and of the sample, respectively. 

By this method, while the trouble of distillation is saved, an accuracy over 
98% is expectable in the range of 5-50 microgram nitrogen per test aliquot. 

For the identification of amino acids, the ascending two-dimensional paper chro- 
matography was used. The first solvent was phenol containing 15% of water, and 
the second one was 30% water-saturated lutidine or water-saturated buthanol contain- 
ing 1/5 by volume of glacial acetic. The development was made at room temperature 
in summer and at 25°C in winter. For the detection of amino acids, 0.15-0:2% 
ninhydrin acetone solution was sprayed over the chromatogram which had been 
kept at 90-100°C for 5 minutes. Relative amounts of amino acids were guessed 
roughly by the area and the colour density of each spot. 

Sample solutions for paper chromatography were prepared as follows. Cells in 
the stationary phase of growth were harvested from liquid cultures. According to 
the results of the preliminary experiments reported below, the cells were washed 
four times with M/15 KH»PO, solution, and then once with distilled water. After 
washing they were extracted with 70-80% (v/v) ethanol without being dried. An 
equal volume of chloroform was added to this extract, shaken, and supernatant 
was collected.. This was condensed in a vacuum to ca. 4.0 mg nitrogen per ml. Of 
the total extractable nitrogen, 13% remained in the chloroform-ethanol phase. This 
fraction was, however, found to contain no amino acids when condensed further and 
tested by paper chromatography™. 


* Cane sugar 100g, KH2PO, 5g, peptone (Funai) 5g, MgSO4+7H2O lg, distilled water 1,000 
ml, malt extract (Be. 80) 360 ml. 
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Results 


1. Preliminary test for washing procedure. Amino acids which come directly 
from the culture medium should be washed out. But repetition of washing must 
necessarily be accompanied by a loss of constituents of the amino acid pool. Hence 
in order to find a suitable number of washings, the amount of organic nitrogen suc- 
cessively liberated from cells by repeated washing was determined by the modified 
micro-Kjeldahl method. The cells used were of the parent strain, harvested from a 
48-hour culture in 1/ of MH medium, the dry weight being ca.5 g. They were 
washed with 50 ml of KH,PO, each time. The nitrogen content of the first eluate 
was about 200mg per g dry cells. Relative amounts of nitrogen in successive eluates 
are given in Table 1. 


Table 1. Organic nitrogen liberated from cells by successive washing, 
in percentage of that in the first eluate. 


| No. of washing 1 Pe 3 4 5 6 df 8 
_ Nitrogen content 100 39430. 1742 15 12> ip” 11 


of eluate 


The results showed that the liberation of nitrogenous matter from cells fell to 
a low and constant level after the fifth washing. Hence in the main experiment, 
cells were washed five times with KH,PO, solution followed by a washing with dis- 
tilled water. Distilled water was used lastly to wash out the salt which might inter- 
fere with chromatographic development. 

2. Preliminary test for extraction procedure. In order to know the number of 
extractions necessary for the complete depletion of intracellular extractable amino 
acids, nigrogen contents were determined of the successive extracts of cells by 70-80% 
ethanol. The cells used were of the parent strain in the lag, in the log and in the 
stationary phases, as well as of Ry, and Ryn) in the stationary phase. To an amount 
of cells which would be about 150 mg if dried, 100 ml of ethanol was added, shaken a 
while, and left standing at room temperature. Then the same volume of ethanol was 
renewed every 24 hour. The dry weight of the cells used was determined after the 


Table 2. Amounts of nitrogen successively extracted, the percentage distribution 
in each series being given in brackets. 


ep: Phase! of No. of extraction (mg./100 ml. extract) 
trains Gort 
a 1 2 3 4 Total 
Parent Lag 22.0191)  2.0(8) —0.3(1) 0 24.8(100) 
” Log 7.9(78) 1.5(16) 0.4(4) 0.2(2) 10.0(100) 
” Stationary 16.2(79)  3.1(15) 0.8(4) ~—0.4(2) 20. 5(100) 
Rano Stationary 14.8(78)  3.0(16) 0.75(4) 0.88(2) 18.9(100) 
Rap Stationary 8.0(53)  3.9(26) . 2.1(14) -1.0(7) 15.0(100) 
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last extraction. The nitrogen contents of successive extracts per mg of this dry 
weight of cells are shown in Table 2. Except Ryp cells, which had been harvested 
directly trom the copper medium, the extraction seems to be practically adequate by 
three times. 

In the following experiments, therefore, three successive extracts, except Rup, 
were gathered and used for chromatographic tests. In the case of this copper-grown 
culture, extraction was repeated four times, and the extract was bubbled with HS 
gas to trap copper. 

In the log phase of the parent culture the total amount of extracted nitrogen 
was less than that in the other two phases. This may perhaps be due to relatively 
rapid consumption of free amino acids compared with their production. In the 
stationary phase, the extracted nitrogen is less with cells grown in copper-medium 
than those grown in the normal medium. 

3. Amino acid composition of cell extract. Representative chromatograms ob- 
tained are illustrated in the figure. Relative amounts of amino acids guessed by 
areas and colour densities of spots are shown in Table 3. 


ouU1p?7N 7 


Figure. Paper chromatograms of alcohol extracts of cells at the stationary phase of 
growth. A: The parent strain; B: Rip cultured in 1 mM-Cu-MH; C: Rip(oy and 
R4p@) cultured in the normal MH; D: R4p cultured in 4 mM-Cu-MH. 


March 1956 Bot. Mag. Tokyo, Vol. 69, No. 813 101 


Table 3. Amino acid composition of extracts from cells of the parent, Rip, Rap, 
Ripio), and R4po) strains. The numbers in the first column correspond 
to those attached to the spots of chromatograms in the figure. 


Strains 
Parent = Rip Rap Ripoy & Rap 
1. Aspartic acid + ay oe =e 
2. Glutamic acid +++ eae ts epee cette 
3. Serine + ae = oe 
4. Glycine ees ote fe ee ae 
5. Alanine Te aig te ae oe aiaetor ls sastect 
6. Threonine dis + a. a 
7. Histidine se fe 32 a 
8. Tyrosine as ae ar ee 
9. Glutamine = ie te - 
10. Proline + + a ee 4+ 
11. Arginine f ae fede a 
12. Methionine sulfoxide + + ak f. 
13. Phenylalanine & norleucine ++ ++ ++ Eee 
14. Leucine & isoleucine ++ ++ Shite aes 
15. Unidentifiable + + epee ab. 


Phenylalanine and leucine did not separate respectively from norleucine and 
isoleucine by the solvent system used. The analyses of methionine and cystine 
were not tried. But methionine sulfoxide was detected, which seemed to be pro- 
duced from methionine during the running with phenol”. Glutathione could not be 
determined, since its area was covered by an unidentifiable substance. 

The results found are as follows. 1) Glycine and serine were almost lost in the 
cells of Rg, cultured in 4 mM Cu-MH, and the level of glycine was low in the cells 
of Ry, cultured in 1 mM Cu-MH, while the relative amounts of the other identified 
amino acids did not change in either of the cases. 2) Chromatograms of Rip) and 
Rap), which had been cultured in the normal MH, did not differ practically from 
that of the parent strain in the normal medium. 3) With Ry, an unidentifiable 
spot below alanine grew so large as to make impossible the detection of arginine, 
glutamine, histidine, lysine and others. This spot seemed to correspond to the 
tripeptides identified by Dent!!!2, since it disappeared when the extract was hydro- 
lysed with 8 N HCI for 8 hours at 100°C in closed tube before the chromatographic 
development. 


Discussion 


The composition of amino acid pool of resistant cells was found not to differ 
much from that of the parent: strain grown in the normal medium, It will be 
reported shortly that, when the parent strain is inoculated in a copper-containing 
medium, the amino acid pool is much disturbed for a period, recovering as the growth 
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of resistant cells occurs later. This implies that the growth inhibition, and then 
the growth, in a copper medium are accompanied by a disturbance and a recovery, 
respectively, of the amino acid pool, and hence of the nitrogen metabolism. How- 
ever, as described earlier, even the copper-trained strains contain disturbed amino 
acid pools in the copper media in which their growth rates are not very much 
reduced. The disturbance is larger in the medium containing 4mM of copper than 
in the one containing 1 mM, corresponding to the fact that the growth is less 
rapid in the former case. The cells produced are smaller in average size, and dis- 
join less easily from their parent cells, in the former case than in the latter. 

The decrease in glycine and serine may be due either to an enhanced used of 
these amino acids or to a decrease in the production of them. However, incorpora- 
tion of these amino acids into non-extractable forms did not seem to be increased, 
so far as the HCl-hydrolysates of extraction residues of parent cells and Ry were 
compared with each other with paper chromatography. The growth rate, i.e. the 
rate of Synthesis of protoplasm, of Ry, in the copper medium is somewhat lower 
than the parent strain in the normal medium, In spite of this, the total extracta- 
ble nitrogen was lower with the former. This may favour the view that the syn- 
thesis of amino acids in general are inhibited by copper. However, an increase in 
substances which are suspected to be peptides may suggest that copper disturbs 
the nitrogen metabolism also at a level higher than amino acid synthesis. 


Summary 


1. The cells, trained to and grown in the medium containing 4 mM of copper, 
contained in their amino acid pool less of glycine and serine and more of peptide- 
like matter than those grown in the unpoisoned medium. 

2. Chromatograms of the extracts from copper-trained substrains did not differ 
from that of the parent strain when they were cultured in the unpoisoned medium. 
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Effects of various chemical and physical agents on mitosis have been reported 
by many workers (cf. Politzer, 1934 et al.). Recently Huskins (1948) and others 
have reported that both nucleates and phosphates greatly influence on somatic 
mitosis and give characteristic figures different from those of other mitotic poisons. 
Huskins (1948) has expressed the view that reduction divisions named “somatic 
meiosis” are induced in Allium root tips by the effect of sodium ribose nucleate 
and phosphates. According to other literatures on the effects of nucleates, Wilson 
and Cheng (1949)have supported the view of Huskins but Kodani (1948), Shimamura 
and Ishikawa (1951) and Woll (1953) have denied the above mentioned occurrence. 
Galinsky (1949) has shown that phosphates induce numeri cal reduction of. chro- 
mosomes in Allium. 

The present study has been attempted for the purpose of investigating the 
effects of phosphate solutions on mitoses, particularly paying attention to the 
“somatic meiosis ”. 


Material and Method 


Bulbs of Allium cepa were placed on beakers with their bases immersed in tap 
water. When their roots grew to a length of 2-3cm they were placed on other 
beakers filled with phosphate solutions in which the roots and the bases of the bulbs 
were immersed. After the roots were treated with these solutions at various dura- 
tions of time, several roots of each bulb were cut off, and the rest left attached to 
the bulb were returned to tap water. Some bulbs, on the other hand, were cultured 
in tap water as control. These excised root tips were immediately fixed with 
Navashin’s fluid for 20-24 hours. Sections were made 16 thick and stained with 
Heidenhain’s iron-alum-haematoxylin. 

The phosphates used were NaH2PO,, NazHPO, and KzHPO,, and the concentra- 
tions of each phosphate were 0.0025, 0.005, 0.01, 0.025 and 0.05 mol. Duration of each 
treatment was 2, 4, 8, 12 and 24 hours. Experiment was carried out in an incubator 
at 25°C. The pH of solutions, distilled water and tap water was as follows: 
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NaH2PO, 0.0025 mol...... pH 4.9, 0.05 mol...... pH 4.4, 

NazHPO, 0.0025 mol...... pH 8.5, 0.05 mol...... pH 9.0, 

K2HPO, 0.0025. mole 23: pH 8.9, 0.05 mol...... pH 89, 

distilled water...... pH 5.4, tap water...... pH 68 
Results 


a. Cytological observation. 

The first externally visible effect of the phosphate treatments was suppression 
of growth of the roots in the case of high salt concentrations. In this case, it was 
observed that the higher the concentration of the solution and the longer the dura- 
tion of the treatment, the greater the grade of suppression of growth. In extreme 
cases, some of the roots showed a little or little growth, and in some cases root tips 
or whole roots were softened and killed. Even in the former cases, the roots showed 
marked retardation of growth when they were replaced in tap water. 

In respect of the structure of nuclei in early and mid prophase there seems to 
be little difference between the meristem of growth-suppressed roots by the treat- 
ment and the normal untreated roots. In the later stages of mitosis, however, there 
are conspicuous differences between them, in respect of the nuclear structure and 
chromosome behavior. 

Important abnormalities found in the treated roots are as follows: 

(i) Chromosomes in late prophase are thick (Compare Fig. 2 with Fig. 1). (ii) 
In metaphase some chromosomes are more or less short and thick (Compare Fig. 4 
with Fig. 3). (iii) Some chromosomes, in metaphase, take an X-shape; that is, two 
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Fig. 1. Chromosomes in late prophase in an untreated root. 2. Chromosomes in 
late prophase in a treated root (K2HPOy—0.01 mol—24 hrs.). 3, Metaphase chromo- 
somes in an untreated root. 4. Metaphase chromosomes in a treated root (NagHPO, 
—0.01 mol—12 hrs.). All figures represent the chromosomes found in the peripheral 
layers of periblem. Magnification ca 1000x. 


sister chromosomes are attached at the kinetochore with four arms separate (Fig. 
5). This configuration has been called by Levan (1938) as “c-pair”. It is very 
probable to assume that this configuration is caused by retardation of the kineto- 
chore splitting, considering from the result of the investigation given in (b). Civ) 
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Rarely, chromosomes in metaphase, however, separated into two groups (Fig. 6). 
In Fig. 6, for example, 9 chromosomes are found in the upper group; and 7, in the 
lower. (v) Sometimes it is observed that one or more chromosomes are apart from 
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Figs. 5-7. Metaphase in treated roots. 


5. X-shaped chromosomes (NaH2P04—0.025 mol—4 hrs.). 6. Groupings of chro- 
mosomes into 9-7 groups (NagHPO4—0.005 mol—24 hrs.). 7. Some chromosomes being 
apart from the others which are on the equatorial plate (NagHPOs,—0.005 mol—24 
hrs.). Magnification ca 1000x. 


the others which are on the equatorial plate in metaphase (Fig. 7). (vi) Frequently, 
anaphase chromosomes are scattered over the cell (Fig. 8). (vii) Frequently, one 
or a few daughter chromosomes are lagging on the equatorial plate while the others 


Figs. 8-13. Abnormalities in anaphase and telophase in treated roots. 


g. Anaphase chromosomes scattered over the cell (NagHPO4—0.01 mol—8 hrs.). 
9, A few lagging chromosomes in anaphase (NaH2PO4—0.025 mol—4 hrs.). 10. Sepa- 
ration of chromosomes into approximately 7-25 groups (NagHPO4—0.025 mol—4 hrs.). 
11. A tetrapolar distribution (NagHPO,—0.01 mol—12 hrs.), 12. A chromosome 
bridge in anaphase (NagHPO,—0.005 mol—24 hrs.). 13, Two bridges and unequal 
daughter nuclei in telophase (K2zHPOs—0.01 mol—8 hrs.). Magnification ca 1000x. 
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have already arrived at the poles (Fig. 9). (viii) Sometimes, anaphase distribution 
is unequal in numbers; for example, the distribution shown in Fig. 10 is approxi- 
mately 7-25. (ix) Sometimes, polypolar distribution of chromosomes in anaphase 
takes place (Fig. 11). (x) Pycnosis of chromosomes takes place frequently. For 
example, one or more chromosomes bridges are formed by sticking of free ends of 
the sister chromosomes (Fig. 12). These bridges are sometimes found in telophase 
(Fig. 13). (xi) In telophase two daughter nuclei with unequal size are frequently 
found (Fig. 13). These nuclei seem to be formed as a result of the unequal distri- 
bution of anaphase chromosomes. 

Huskins (1948) has reported that pairing of homologous chromosomes followed 
by their segregation, takes place in Allium root tips treated with sodium nucleate. 
In spite of the careful observation, however, neither pairing nor segregation of 
homologous chromosomes was found in the present investigation. 

b. Frequency of mitotic stages found in root tips. 

To know the effects of phosphates on progress of nuclear division in root tips, 
frequencies of resting stage and each stage of mitosis were measured. The results 
obtained are shown in Table I. 


Table I. Frequency of each stage of mitoses* 


A: Ratio of resting and mitotic cells in %, 
B: Ratio of cells at each stage in %. 


A B 
Treatment** Resting | Mitotic Early Mia Late Metaphase! Anaphase | Telophase 
stage | stage rophase | proph h 
ayy g ge | prop PrOPbas’ | DIG gos nor. |abnor. nor.|abnor., nor abnor. 
S250 
Control 78.5 | 26.5 41.7 37.8 5.3 tt | ee 
; Sp 2.5 9.2 
0.05 mol APL 2.8.42. 1, Or save6On 
NaH»PO4 12.7. ease 40.3 33.7 : — ~ nes —— 
2 hrs. 2, 
; : ; 6.9 Dok lee 
et es 3.3-°4.9 |°1.6-91.9 6.7 
Na,HPO,4 82.9 4ei7.1 37.8 36.4 — —— 2a 
12 hrs. at 
oe 8.2 3.5 6.7 
eee Sten L213 4120.5 
oHPO4 88.9 | 11.1 36.0 : mor —— Aa 
4 hrs. ai a 7.0 Be OBS 
4 hrs a0 Slo} 8.8 


* Percentages were calculated on the basis of more than 1000 mitotic cells for each treatment 
** 3 or 4 roots from one bulb were used in each treatment. 


From this table the following conclusions are obtained: (1) There is little dif- 
ference between the percentage of the dividing cells in the root tips treated with a 
NaH2PO, (0.05 mol—2 hrs.) solution and that of the untreated root tips. In the 
root tips treated with NazHPO, (0.01 mol—12 hrs.) and KzHPO, (0.01 mol—4 hrs.) 
solutions, the frequency of mitosis is somewhat lower than that of the control. 
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(2) The percentages of mitotic figures in late prophase and metaphase in the treated 
root tips are about twice as large as those found in the untreated roots. The cause 
of this difference is not cleared in the present investigation, but it is highly probable 
that the high frequency of metaphase is caused by the delay of anaphasic polar 
separation, which may be due to the retardation of the kinetochore splitting. 


Discussion and Conclusion 


As has been described in the preceding pages of this paper, three phosphates 
used in this experiment disturb not only the behavior of mitotic chromosomes but 
the progress of mitosis. 

The effects of these salts on behavior of chromosomes were essentially similar 
to one another. Some of the mitotic abnormalities induced by these salts seem to 
resemble those induced by other mitotic poisons such as nucleate, colchicine, etc. 
and by physical agents such as abnormal temperatures, etc.. The abnormality which 
was regarded as “somatic meiosis” emphasized by Huskins (1948), was not observed 
in the present study. 

Huskins has found mitoses accompanying pairing and segregation of homologous 
chromosomes, followed by numerical reduction of chromosomes in Allium root tips 
treated with sodium nucleate solution, and has called these abnormal mitoses as 
“somatic meioses”. Moreover, he has stated that the same phenomena are induced 
by phosphates also. Both Galinsky (1949) and Kato (1950) have treated the root 
tips with phosphate solutions and have observed the polar separation of un- 
divided chromosomes resulting their reduction in number, It has also been reported 
by Kodani (1948), Wilson and Cheng (1949), Shimamura and Ishikawa (1951), Woll 
(1953) and others that nucleates induce the same phenomenon, but Shimamura and 
Ishikawa have expressed the view that this phenomenon can not be regarded as 
“‘somatic meiosis ”. 

The distribution of 16 undivided chromosomes in metaphase into two groups 
found in the present study is not regarded as polar separation, but as a random 
grouping. This phenomenon may not be regarded as chromosome segregation. It 
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may be concluded, therefore, that what Huskins calls “somatic meiosis” was not 


found so far as the present experiment was concerned. 


Summary 


In Allium roots treated with NaH2POQ,, NazHPO, and K2HPQ,, a number of 
mitotic abnormalities were observed, but neither pairing nor segregation of homo- 
logous chromosomes was observed. The fact obtained in this experiment that the 
mitotic figures in metaphase are more frequently observed in the treated roots than 
those in the control root, may be due to the retardation of the kinetochore splitting. 
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The lotus-seed retaines the vital force for some thousand years if it is buried 
in the peart-bed**. 

It has been well known that the seed could be stored very much longer under 
the dried condition. 

The water content of the lotus-seed is very interesting in this point of view. 

This report is mainly concerned with the moisture content of the lotus-seed. 


Materials and Methods 


The lotus-(Nelumbo mucifera Gartnr.) seed used in this study was collected 
from the bottommud of Shinobazu-pond in Tokyo, Japan, during the period from 
April to May 1946, and it was considered that the seed ripened more than ten 
years before the time collected. After collecting, that was placed in the atomos- 
pheric air at the room temperature until the measurements were performed (from 
Sep. to Dec. 1954), but it seems that the water content of the seed might not undergo 
the rapid and noteworthy change, for the seed is hard and impermeablly coated. 

The weight of seed was 0.6—0.9 gram at the time determined. 

The morphological characteristics did not differ from the seed harvested at 
present, and the ability of germination was fully maintained. 


* Research Institute, Japan Anti-Tuberculosis Association 


** Ohga, I. A study of the ancient but still viable fruit of the indian lotus found in the peat 
bed near Pulantien, South Manchuria. (1927) 
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The measurements of moisture content were made by the yacuum-oven method* 
(heating in a vacuum-oven with PyO9 at about 60°C and 5mm Hg for 3 hours), 
and Karl Fischer’s back titration method». In the latter case, the apparatus modi- 
fied by the writers was used (see Fig. 1). 

Karl Fischer reagent used in this study was 
prepared by Nipponkasei Chemical Industries, Limi- 
ted, Japan, and its potency was 1.83mg./cc. The 
methanol containing 2mg./cc of water, which was 
prepared by Kishida Chemical Co. Ltd. Japan, was 
used for the back titration. 

The adequate number drawn from 83 seeds by the 
random sampling was used for testing. 

After the removing of seed-coat in the dry 
chamber (moisture: less than 30%), the seed was 
divided, then the embryo and the endosperm were 
crushed separately using the cutter made of the 
bundle of the blades of safty-razor. 

The weighing of the powdered sample for 
Karl Fischer’s method was carried out in the dried 
place (moisture: less than 30%) on the hanging drop 
slide of which both wings had been cut off by 


Fig. 1. The apparatus used in 
this study. The right half is 
omitted. 

a; burette, b; titration flask, 
c; mixer, d ; electrode, e; mer- 
curic stopper, f; to the am- 
prifier for electric titraiton, g; 
reagent, h; CaCl, i; cock, 
j; micro-syringe, k; magic 
eye. 


one-third, and brought into the titration flask together 
with that glass. 

It seems that the reagent may be diffused into 
the crushed sample within sixty minutes, for the 
green pigment** contained in the smashed embryo 
were decolourized within that time, so the titration 
was made at ninety minutes after the addition of 
samples to titration flask. 


Results and Conclusions 
The results obtained are shown in Tables 1 and 2. 

The mean values gained by these two methods might be said to differ significantly 
from each other in one group of the endosperm in the fiducial limits at the 5% level, 
but not at the 1% level. There was no significant difference between both values in 
the other group of the endosperm and the embryo at the 5% level (see Tables 1 
and 2). 

The values of water content of the embryo were almost same as-that of the 
albumen in Karl Fischer’s method. 


* (The standards of biological medicaments) issued in 1953 by the Ministry of Health and 
Welfare, Japanese Government. 
** This pigment was identified with chlorophyll a and b by these writers (unpublished). 
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Tab. 1. The water content of lotus-embryo determined by two methods. 


7 Weight of sample Moisture 
Exp. No. id mg. content % Average Method 
1 25.19 4 36 
2 17.57 
3 17.51 3.94 ie oH 
4 18.12 3, 25 
6 19.79 4.09 od method 
7 17. 83 3.98 mies 
8 19.91 3.91 
1 181.15 4,20 
2 101. 02 5.18 4-66 = en 
3 161.41 4. 89 +0,72 sari 
4 183. 60 4.38 


Note: Two groups having the average value of 4.07 and 3.99 were measured on the other 
day in the entirely same manner. 
Table. 2. The water content of lotus-endosperm determined by two methods. 


Weight of sample Moisture 
Exp. No. in’ hig | cOhtent a Average Method 
il 73. 81 7.96 
2 by fatont Oo 2e 6.78 
3 89.77 6. 07 +1.60 
4 94.14 8.29 
5 78. 84 6. 31 
vacuum-oven 

6 88.29 4.68 method 
7 74.96 7.40 5.97 
8 2.3 6.86 = L. 56 
9 110.01 6. 24 ; 

10 72.04 4. 67 
1 106. 12 4.85 
2 340.58 4. 42 4. 86 Hal bee 
3 250.77 5. 36 +0.61 Poon 
4 292.10 4.81 titration 


Note: Two groups having the average value of 6.78 and 5.97 were measured on the other 


day in the entirely same manner. 


On the other hand, the one mean value obtained by the vacuum-oven method 
with the endosperm was observed to differ significantly from that of the embryo at 
the 1% level and the other one differ noteworthy from that of embryo at the 5% 
level, but not at the 1% level. 

The constant value was seldom given by the vacuum-oven method with the 
endosperm, i.e. its deviation was somewhat larger than in other cases, and it was pro- 
bably introduced from the crushing treatment for a rather long time in this case, 
so the value generally showed a larger numeral than what it was. 

we may believe that the values of moisture content of embryo and endosperm 


obtained by the vacuum-oven method are also equal, if we consider this circums- 
tance. 
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Now, M. Izawal), assertained that the value obtained by the gravimetry was 
obviously smaller than that of Karl Fischer’s method with penicillin in oil and wax 
and some other biological products, and deduced that the difference may be explica- 
ble as three alternatives: 

1) Karl Fischer reagent may react with some compounds in the sample other 

than the water. 

2) By the ordinary method, the water cannot be eliminated completely. 

3) The nature of water detectable by the two methods may be different, that 
is, as Karl Fischer’s method is carried out under dissolved or finely dispers- 
ed states, the water such as crystaline water should also be detectable, 
which cannot be removed by heating. 

Then, he concluded that the water cannot be removed completely by the condi- 

tions described in his paper. 

While, he demonstrated that the results of two methods in the cases of solid 
penicillins showed nearly the same order and the consumption of the reagent became 
negligible when samples were dried in the vacuum-oven for an appropriate time. 

So, we may say that the moisture content of lotus-seed is determined at about 
the same order by the two methods as in the cases of solid penicillins and that the 
embryo contains the same amount of water as the endosperm. 

At any rate, the content of water is not extremly small in the lotus-seed exa- 
mined. In addition, I. Ohga reported in 1927 on the problem in question by using 
the ordinary gravimetry as follows: old fruit; 12.38%, new fruit; 12.5%. 

Thus, the reason why the lotus-seed retain the vitality for a long time may 
not be in the smallness of water content. 


Summary 
1) The water content of lotus-seed collected from the bottom-mud of pond was 
determined by the use of two methods. 
2) The apparatus for Karl Fischer’s back titration method was modified by the 
writers, and used in this study. 
3) The results obtained from the different regions of seed by these two methods 
were compared, and then discussed. 
4) Because the moisture content of the seed is not extremly small, the reason 
why the lotus-seed retain the vitality for a long time may not be in the smallness 
of water content. 


Acknowledgment is due to Dr. K. Yusawa for providing facilities and for his helpful 
suggestions and encouragement, and also to Dr. I. Ohga for his kindness in giving 
the sample used in this study and for his sincere advice. 
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Chromosomes and Systematic Relationships of Several Species. 
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Chromosomes were studied in root-tip cells. The materials were treated according 
to the same method as described in the previous reports. The sources of the ma- 
terials used are given in the following table: 


Table 1. The sources of materials 


Species 


Sources 


Bromus tectorum, Melica ciliata, Briza media, 
Festuca ciliata, Poa nemoralis 


Lolium italicum, L. rigidum 
Uniola latifolia 


Bot. Gart., Berlin-Dahlem, Germary. 


Inst. ed Orto Bot. di Roma, Itarly. 
Inst. ed Orto Bot.dell Univ.di Roma, Italy. 


Cynosurus cristatus Bot.Gart. Friedrich-Schiller Univ., Yena, 


Germany. 
Sieglingia decumbens Bot.Mus., Copenhagen, Denmark. 


Oplismenus compositus, Setaria palmifolia, Anbé, Yaku Island, Kagoshima Pref., Japan. 


Paspalum orbiculare, Panicum repens 
Lophatherum sinense, Chikusichloa aquatica Hitoyoshi, Kumamoto Pref., Japan 
Setaria excurrens var. pauciseta Setoishi, Kumamoto Pref., Japan. 
Pogonatherum crinitum 
Phragmites Karka 


Asperella longe-aristata, Sbodiopogon sibiricus 


Tanabe, Wakayama Pref., Japan. 
Bot.Gart. Kyoto Univ., Japan. 
Hakone, Kanagawa Pref., Japan. 


The seeds of all species foreign to Japan were kindly supplied by various institutions 
to whom the author wishes to express his cordial thanks. They were raised in our 
experimental garden and used in the present study. The Japanese species were through- 


out collected by the author, and the root-tips were fixed immediately at the 
habitats. 


Observations 


Chromosome numbers are listed in Table 2 together with previous records. 
Chromosome sizes are shown in Figs. A, 1~21. 


* National Institute of Genetics, Mishima Shizuoka Pref., Japan. 
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Table 2. List of chromosome numbers observed. 


Species (Japanese name) on Fig.(A) Previous records 


2n Authority 
Asperella longe-aristata (Hack.) S$ 
Ohwi (Azumagaya) 28 ) 
Bromus tectorum L. 14 1 14 Cugnac et Simonet 1941 
Lolium rigidum Gaud. 14 3 14 Jenkin 1954, etc. 
L. italicum A, Br. 14 2 14 Jenkin 1954, etc. 
Briza media L. 14 4 14 Avduloy 1931 
Cynosurus cristatus L. 14 5 14 Avduloyv 1931 
Festuca ciliata 14 6 
Poa nemoralis LL, 35 7 28 Avdulov 1931 
42 Armstrong 1937, etc. 
Uniola latifolia Michx. 48 8 48 Avdulov 1931, Brown 1950 
Sieglingia decumbens (L.) Bernh. 36 11 36 Scheerer 1940 
124 Maude 1940 
Melica cilita L. 18 10 18 Avdulov 1931 
Phragmites Karka Trin. (Seitakayosi) 48 14 
Lophatherum sinense Rendle (Té-sasa- 
kusa) 48 12 
Chikusichloa aquatica Koidzumi 
(Tsukusigaya) 24 13 24 Hirayoshi 1987 
Oplismenus compositus Beauv. 
(Edauchi-chizimizasa) 72 18 72 Avduloyv 1931 
Setaria palmifolia Stapf (Sasakibi) 54 19 
S. excurrens Miq. var. pauciseta 
Ohwi (80-sasakibi) 72 20 
Paspalum orbiculare Forst. (Suzumeno- 
kobie) 60 Zu 
Panicum repens L. (Haikibi) 45 17 
Pogonatherum crinitum Kunth (Itachi- 
gaya) 20 16 
Spodiopogon sibiricus Trin. (O-abura- 
susuki) 40 15 
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Fig. A. 1~8. Somatic chromosomes, X 2000. 1, Bromus tectorum. 2, Lolium rigidum. 
3, L. italicum. 4, Briza media. 5, Cynosurus cristatus. 6. Festuca ciliata. 7, Poa nemoralis. 8, 


Uniola latifolia. 
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Fig. A. 9~21. Somatic chromosomes. X 2000 9, Asperella longe-aristata 10, Melica ciliata. 
11, Sieglingia decumbens, 12, Lophatherum sinense. 13, Chikusichloa aquatica. 14, Phragmites 
Karka. 15, Spodiopogon sibiricus, 16, Pogonatherum crinitum. 17, Panicum repens. 18, Opli- 
smenus compositus. 19, Setaria palmifolia, 20, S. excurrens var. pauciseta. 21, Paspalum orbiculare, 


Considerations 


Among species whose somatic chromosomes are reported in the present paper, 
Festuca ciliata, Briza media, Cynosurus cristatus, Poa nemoralis and Uniola latifolia 
belong to Festuceae-Festucinae according to Pilger’s classification (1954). While placing 
them together in one group appears justified by their external morphology, various kinds 
of basic chromosome numbers and chromosome sizes are found among them: Festuca, 
Briza, and Cynosurus :—b=7, large; Poa:—b=7, medium sized; Uniola:—b=12 (or 
6), small (cf. Figs. A 4~8). The differences in chromosome characteristics are asso- 
ciated with distinctive features of the epidermis and transverse leaf section. A parti- 
cular consideration of their systematic relationships will be given in a later paper .and 
the author will here confine himself to the description of the chromosome situation. 
The genus Sieglingia had been treated as a member of Festuceae, as well as the 
genus Triodia in which Sieglingia was formerly included. Hubbard (1948) believes 
in an affinity between Sieglingia and Danthonia, relying on the existence of natural 
hybrids between them, the resemblance in the structure of their spikelets. and the 
development of cleistogenes in the axils of the basal leaves of the flowering culms. 


March 1956 Bot. Mag. Tokyo, Vol. 69, No. 813 115 


The somatic chromosome number of S. decumbcens is thirty six in accord with 
Scheerer’s (1940) observation. The basic chromosome number ot this genus may be 
six in agreement with that of Danthonia, although the numter of nine may be also 
considered as its basic number. The size of the somatic chromosomes of the two 
genera is very similar. The genus Trvidens formerly treated as a section of Tviodia, 
like Szeglingia, is clearly different from Sieglingia with respect to the chromosomes 
and the characteristics of the epidermis and transverse leaf section. According to 
Brown (1951), species of Tvidens have small chromosomes and multiple numbers of 
eight. The author’s observations of the epidermis and transverse leaf section in both 
genera are as follows: Tvidens flavus, oe strictus, T. (Rhombolytrum) albescens :— 
chloroplasts are localized in a characteristic cell layer directly. surrounding the vascular 
bundles. Saddle shaped siliceous cells are found in the epidermis and bicellular 
hairs shaped like a cannon ball (Figs. BI,1~3). Sieglingia decumbens :—chloroplasts 
are uniformly distributed throughout the mesophyll. Dumbbell shaped siliceous cells and 
threadlike bicellular hairs are found in the epidermis (Figs. BI, 4~5). The characte- 
ristics of the epidermis and transverse leaf section found in T'videns species are the 
same as in the Eragrostoideae. On the other hand, points of similarity in those 
characteristics are found between Sieglingia and some members of Danthonia 
genus (cf. de Wet 1954b). The relationship of Szeglingia and Danthonia, and the 
placing of Tyridens in the subfamily Eragrostoideae are supported by the character 
of chromosomes and the properties of the epidermis and transverse leaf section. 


Fig. B I, 1~4. Siliceous cells and bicellular hairs found in the lower epidermis. 1, 
Tridens flavus. 2, T. strictus. 3, T. albescens. 4, Sieglingia decumbens, a-Siliceous 
cell. b-Bicellular hair. 4b X 300, the others X 450. 

Fig. B I, 5. A transverse section of the leaf of Sieglingia decumbens. X 200. 


The genus Chikusichloa is usually treated as a member ef Oryzeae, whose ma- 
jority of genera are characterized by small chromosomes and the basic number 12 
(or 5). The chromosome complement of Chikusichloa clarified by Hirayoshi (1937) 
and reexamined in the present study is the same as that of typical members of 
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Oryzeae, ie. b=12 and the chromosomes are small. The author studied the charact- 
eristics of the epidermis and transverse leaf section in C. aquatica with the object 
of further ascertaing its systematic placing. For the comparison with Chikusichloa, 
four Japanese species belonging to Oryza, Leersia and Zizania (Oryzeae) were ex- 
amined. The results obtained are as follows: Chikusichloa aquatica :—chloroplasts 


Fig. B, II. 1~2. Siliceous cells and bicellular hairs found intheepidermis. 1, Leersia 
japonica. 2, Chikusichloa aquatica. a-Siliceous cell. b-Bicellular hair. X 600. 
Fig. B, II. 3. A transverse leaf section of Chikusichloa aquatica. X 300. 


are uniformly distributed throughout the mesophyll and the vascular bundles are 
surrounded by a cell layer which does not contain chloroplasts. Threadlike 
bicellular hairs and dumbbell shaped siliceous cells (whose longitudinal axis coincides 
with that of the blade) are found in the epidermis (Figs. BI], 2~3). Ovyza sativa, 
Leersia japonica, L. oryzoides var. Sayanuka and Zizania latifolia :—chloroplasts are 
uuiformly distributed throughout the mesophyll and a cell layer without choroplasts 
is found surrounding directly the vascular bundles. The epidermal characteristics of 
the four species are in agreement with Part’s (1936) Oryzoid subtype; bicellular 
hairs are threadlike and siliceous cells are dumbbell shaped (their longitudinal axis is 
perpendicular to that of the blade (Fig. BII,1). The resemblance in the properties 
of the epidermis and transverse leaf section between Chikusichloa aquatica and the 
other species described above is considerable, and the difference lies only in the shape 
ofsiliceous cells. The difference is not sufficient to justify the separation of the 
genus Chikusichloa from Oryzeae, and Chikusichloa should be regarded as a member 
of Oryzeae, considering the resemblance in the chromosome situation, spikelet struc- 
ture and leaf-anatomy. Ohwi (1941) is of the opinion that Chikusichloa should be 
treated as an independent subtribe of Oryzeae. His opinion is based on the distinctive 


features of external morphology. Ohwi may be right, considering the facts described 
above. 


The magnification of figures published by de Wet (1954) was not stated. Chromosome sizes of this 
species may be, however, estimated to be small, judging from their rod-like shape and from the 
comparison with the chromosome figures of other species published together. 
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Pogonatherum and Spodiopogon which had not been studied cytologically up to 
the present belong to the tribe Andropogoneae. Their chromosome situation clarified 
in the present study is the same as that found in most genera of Andropogoneae: 
b=10 (or 5) and the chromosomes are small. While Andropogoneae represent a 
definite group with resepct to external and internal morphology, some differences in 
the chromosomes are found between the genera and even within a single genus, 
Hemarthria. Brown (1951) reported 2n=20 large chromosomes for Elyonurus trip- 
sacoides and E. barbiculmis, and also 2n=18 medium sized chromosomes for Manisu- 
rts cylindrica. In contrast with those three species, a great majority of genera in 
Andropogoneae are characterized by small chromosomes similar to those of Spodio- 
bogon and Pogonatherum mentioned above. Ono and Tateoka (1953) reported 2n= 
18 medium sized chromcsomes for Hemarthria sibirica, whereas de Wet (1954a) 
found 2n=20 small chromosomes in H. altissima. The chromosome situation of H. 
sibirica is the same as in Manisuris cylindrica, indicating a phylogenetic relationship. 
However, the species which have been cytologically studied are too few to be 
submitted to discussion regarding their systematic relationships. 

The basic chromosome number of Lophatherum reported for the first time in 
the prrsent paper is 12 (or 6) and they are small, in agreement with the related 
genus Centotheca. Species of Asperella, Oplismenus, Setaria, Paspalum and Phrag- 
mites whose somatic chromosomes were examined (Table 2) reveal the same chro- 
mosome situation as that of tribes to which each species refers: Aspervella CTriti- 
ceae)—b=7, large; Oplismenus, Setaria, Panicum, Paspalum (Paniceae)—b=9 or 10, 
small; Phragmites (Arundineae)—b=12 (or 6), small. 


Summary 


Somatic chromosomes of twenty one grass species were examined. The systema- 
tic placing of Sieglingia, Tridens and Chikusichloa was discussed on the basis of 
distinctive features of the epidermis, transverse leaf section and chromosome situa- 
tion. Diversity of chromosomes concerning their basic number and size in Festuceae- 
Festucinae and Andropogoneae was pointed out. The character of the chromosome 
complements of the other species reported in this paper is in agreement with that 
of the tribes to which they belong. 

It is a pleasure to record here a debt of gratitude to Dr. E. Potztal and Dr. J. 
Ohwi for their kindness during the course of the present investigations. 
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The epiphytes in the coniferous, evergreen and deciduous forests in the moun- 
tain area of Japan have a wide range of development and grow in considerable 
abundance. This is especially true of bryophytes and lichens. Ecological studies 
of epiphytic communities in the forests of Japan have been incomplete, because 
there are many unavoidable difficulties in collecting the data in the field works. 

In both Europe and North America, attention has been attracted to the subject 
of epiphytic bryophyte communites to a considerable extent but only a few reports 
on their distribution on the supporting-tree have been published. Recently,M. 
E. Hale” reported that “the cryptogams have a definite pattern of distribution 
along the trunk with each species reaching a maximum value of constancy at one 
level”. 

When the above intormation on the vertical distribution of epiphytes is con- 
sidered from a synecological standpoint, it may be understood that the floristic 
composition of the epiphytic community is not uniform but different in each part 
of the supporting-tree, e. g. the trunk base, the trunk, the crown base and the crown. 

In the present paper, the writers report the results obtained from a study of 
the vertical distribution of epihytic bryophytes on the trunks of Fagus crenata 
Blume in the two different places, namely the mounain-ridge and the mountain- 
side places***, of Mt. Kammuri in the western part Hiroshima Prefecture. 


General View of the Two Places 


This study was made during the summer of 1953 on ten beech trees in the 
mountain-ridge at an elevation of about 1320m above sea level and on six trees in 
the mountain-side at an elevation of 1140 m above sea level, which is considered to 


* Contributions from the Phytotaxonomical & Geobotanical Laboratory. Hiroshima University 
N, Ser. No. 30. This paper was read by the authors at the annul meeting of the Botanical 
Society of Japan (Kanazawa, Oct. 1953). 
** Botanical Institute, Faculty of Science, Hiroshima University, Hiroshima, 
*** Henceforth, the term mountain-ridge place and mountain-side place will represent only as 
mountain-ridge and mountain-side in this paper. 
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be the lower limit of the beech forest in this district. 

The averge height of investigated trees is about 15.5m (the minimum is 13.5 m 
and the maximum 19m) in the mountain-ridge, while in the mountain-side it is 
about 17m (the minimum is 14m and the maximum 20m), The average value of 
D.B.H. (Diameter Breast Height) is 0.27m and 0.32 m in the mountain-ridge and the 
mountain-side respectively. Branching of the boughs begins at a height of 6m in 
the former and 6.5m in the latter. 

The forest community in the mountain-ridge is generally composed of the follo- 
wing specices: in the arboresent layer, Fagus crenata BLUME, Acer sieboldianum 
MIQUEL; in the fruticose layer, Lindera umbellata THUNB., Symplocos chinensis 
(LOUR). DRUCE.; in the herbaceous layer, Carex foliossima FR. SCHM., C. multifo- 
lia OAWI. On the other hand, in mountain-side,Fagus crenata BLUME aud Quercus 
mongolica var. grosseserrata (BLUME) REHD- et WILS. are dominant in the arbores- 
cent layer, a:d Sasa veitchti (CARR.) REHD. is the characteristic species of the 
herbaceous layer, while in the frutiose layer there is no dominant species at all. 


Methods and Treatment of Data 


When the sample trees were selected for the purpose of our study the necessary 
considerations were paid to select them lest some trees in a small limited area 
should be the reprsentative trees of the whole area. Then, the trees were selected 
from several plots in the whole area. 

And the studies were confined to living trees having no liana on their trunks 
and those with more straight trunks. 

The epiphytic community on each supporting-trees is sampled by the following 
five cylindrical quadrats: from the ground to 0.5m; 2.5m to 35m; 5.5m to 65m; 
8.5m to 9.5m; and 115m to 12.5m, and the names of the bryophytes occuring in 


each quadrat were recorded on data sheets. The vertical extent of each cylindrical 
quadrat is one meter except the trunk base and, although the area of each quadrat 
varies according to the diameter of the trunk, the number of species in a quadrat 
seems not to be governed by the variation of the area’s size. 

The following coincidental relationship of the situation is recognized between 
the international quadrats and the parts of the supporting-tree. 


Quadrats Parts of the supporting tree 
From the ground to 0.5m Trunk base ; 
2.5- 3.6m Trunk 
5.5- 6.5m Upper trunk or Grown base 
8.5- 9.5m Crown 
11,5-12.5 m Upper crown 


The occurrence of bryophytes on all investigated supporting-trees, regardless 
of each quadrat, is best characterized as Presence, by assigning the rank of “ stand” 
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to a single investigated tree. The data obtained from quadrats at the same level 
are here given as Constancy, although the sample areas vary in the total size but 
not in the vertical extent. And the degree of vertical distribution of every species, 
obtained from the average value of the frequency which is decided by dividing the 
number of occurred quadrats by the total number of quadrats in a supporting-tree, 
is represented by the following five indexes: I occurring below 20%, II from 21% 
to 40%, III from 41% to 60%, IV from 61%, to 80%, of average frequency. 


Results 


1. The state of the vertical distribution of epiphytic bryophytes in the mount- 

ain-ridge. 

Of 41 species of epiphytic bryophytes counted in the mountain-ridge, 32 species 
are mosses and the rest hepatics. The presence, constancy and the degree of verti- 
cal distribution of the major species are given in Table 1. In the mountain-ridge, 
Boulaya mittenit, Frullania moniliata subsp. obscura and Macrosporiella dozyoides, 
as a whole, are dominant and the physiognomy of epiphytic communities in the 
beech forest is characterized by the growth-forms of these species. 

According to the value of constancy on different levels, the species can be divi- 
ded into four distributional types, though they are not construed as rigid categories. 
The state of the vertical distribution of typical species belonging to each distributio- 
nal type is illustrated in Fig. 1. 

The occurrence of the first type is generally restricted to the trunk base level 


Type 4 
Frullania usamiensis 


Ulota crispa 


Type 3 
Okamuraea cristata 


Frullania moniliata 
subsp. obscura 


Boulaya mititenii 


Type 2 
Pterobryum arbuscula 


Neckera konoi 
Macrosporiella dozyoides 


Type 1 
Themnium sandei 


Orthodicranum hakko- 


dense 
Height (m.) 0 5 10 15 
Part of the tree Trunk-base Trunk Crown-base Crown  Upper-crown 


Fig. 1. Diagram showing the state of the vertical distribution of typical 


species belonging to respective distributional types. 
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Table 1. Major species of epiphytic bryophytes occurring on beech trees 
in the mountain-ridge. 

r in Constancy %__ ; 

les Species ad 0. (2.5 a etl 11.5 Derek 

~ oe SS oe ~ | distribution 

: 0.5m} 3.5m 6.5m }9.5m }12.5m) 

Cc Orthodicranum hakkodense 30 80 — = = = I 
FS | Anomodon ferrugineus 80 80 en = 3 23 I 
D Thamnium Sandei 50 50 = = — 7 J 
D Dolichomitriopsis diversiformis 40 40 — — — - I 
Sf Homalia joponica 40 40 — = — — I 
M Plagiothecium denticulatum 40 40 — — — — I 
$f | Fissidens gymnogynus 80 30 - — — — I 
Sf Plagiochila ovalifolia 30 30 _ — == = I 
M Brachythecium plumosum 30 30 _ — = — I 
Lp | Metzgeria furcata 30 30 os _ — — I 
Fs Macrosporiella dozyoides 100 — 1} -100 80 40 10 II 
Bf Neckera konoi 90 — 80 50 20 — II 
Bf Pterobryum arbuscula 80 — 80 40 10 — II 
Fs Anomodon giraldii 70 40 50 30 10 — Il 
Hp | Radula sp. (complanata ?) 60 — 20 40 — — I 
Tp | Dicranum fauriei 50 = 50 30 10 20 Il 
Hp | Madotheca vernicosa 40 10 30 — _— _ I 
Fs | Miyabea furticella 40 = 30 30 ca a I 
Bf Neckera yezoana 30 10 20 —_ — — I 
D Dolichomitra cymbifolia 20 — 20 20 — — I 
Hp | Madotheca ulophylla 20 _ 10 — 10 _ I 
Bf Bissetia lingulata 20 — 20 20 = — I 
Fs_ | Boulaya mittenii 100 — 80 90 90 60 IV 
Hp | Frullania moniliata subsp. obscura 100 — 80 | 100 80 50 Iil 
Fs | Okamuraca cristata 90 — 20 50 50 40 Ill 
Hp | Frullania japonica 60 = 30 10 30 20 I 
Fs | Macrosporieila scabriseta 50 —| 10} 30} 40| 20 II 
cp | Ulota crispa 90 —| —| 20] 40/ 80 I 
Hp | Frullania usamiensis 90 — _ 20 50 60 I 
Fs | Macromitrium brachycladulum | 60 as —_ 10 20 30 i 


where the humus layer shows a considerable development and 


little change of 


climatic factors is considered. Species of this group are Orthodicranum hakkodense, 
Anomodon ferrugineus, Thamnium Sandei, Dolichomitriopsis diverstformis, Homalia 
japonica, etc. The second type is the bryophytes which show the greatest value of 
constancy in the part between 2.5m and 3.5m in height, where these species find 
the fitful condition for their thriving, and their value of constancy gradually becames 
smaller in either upper parts or lower parts. Macrosporiella dozyoides, Neckera 
konoi, Pierobryum arbuscula and Anomodon giraldii are typical species of this group, 
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The type 3 includes the bryophytes which occur with the maximum value of con- 
stancy in the part between the upper trunk and the crown and still show a relatively 
high constancy even in the upper crown but not occur in the trunk base. Macrosporiella 
scabriseta, Frullania moniliata subsp. obscura, Boulaya mittenit and Okamuraea 
cristata belong to this group. The members of the last type show the greatest value 
of their eonstancy in the upper crown, and are usually absent below the trunk. 
They are Ulota crispa, Macromitrium braccycladulum and Frullania usamiesis. 

29. The state of the vertical distribution of epiphytic bryophytes in the 

mountain-side. 

In the mountain-side, 12 species of mosses and 2 species of hepatics were found. 
This number is about one third of the total number of species in the mountain- 
ridge. The presence, constancy and the degree of vertical distribution of each 
species are shown in Table 2. 


Table 2.. Species of epiphytic bryophytes occurring on beech trees in 


the mountain-side. 


Constancy % 
Oe Species sine au igus SLE Brea EE a lea 
¢ ~ ~ ~ ~ ~ | distrifbution 
0.5m | 3.5m | 6.5m |9.5m_|12.5m 
D Dolichomitriopsis diversifomis 83 83 — — — — I 
M Brachythecium plumosum 50 50 — _— -— — I 
Fs | Anomodon giraldii 33 33 — — — _ I 
M Thuidium cymbifolium iG 17 — — a= — I 
Bf Neckera yezoara 17 17 17 _ _ — Il 
Hp | Frullania usamiensis 67 _ 33 50 17 _- I 
Fs_ | Okamuraea cristata 50 — 50 33 — _ I 
Fs_ | Macrosporiella dozyoides 33 — 33 alg — — II 
Fs | Macrosporiell scabriseta 33 —| 33) —|.—)|.— I 
Hp | Frullania moniliata subsp. obscura 33 — 33 — — 38 
Fs_ | Boulaya mittenii 33 — 9) ATi — — I 
Bf Neckera_ konoi 17 — ale 17 _— — II 
Fs | Anomodon abbreviatus 17 _ we — — _— I 
cp Ulota crispa 100 17 67 67 33 17 II 


In the place, it is clear that the vertical distribution of every species is more 
narrowly limited than in the mountain-ridge. And it is also obvious that the 
situation where the species, which can be found in both places, grow in the best 
condition is lower in the mountain-side than in the ridge. It must be noticed with 
an interest that Ulota crispa growing in the maximum constacy in the upper crown 
part of the supporting-trees in the mountain-ridge, appears, in the mountain-side, 
in all parts of the supporting-trees, though its constancy is smaller. 

As mentioned above, there are several obvious differences in the growing state 
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of the vertical distribution between the mountain-ridge and the mountain-side. Con- 
sequently, the distributional pattern which was observed in the mountain-ridge seems 
to be not always the same to that of the mountain-side; that is, one is inapplicable 
to the other. It may be more appropriate to divide the species in the mountain- 
side into two groups: one whose maximum constancy is at the trunk part, and the 
other at the trunk base. 

3. A comparative consideration of the vertical distribution in two places 

viewed from the stand point of growth-form. 

The relative number (%) and the average constancy of species belonging to 
each growth-form type of epiphytes’) are obtained with respect to every parts of the 
supporting-trees in two places, and the resultare shown in Fig. 2. And the spec- 
trum of growth-forms in both places is shown in Table. 3. 


N 
N 
i 
S 


N N 
Bf Hp Cp 


Fig. 2. This growth-from spectrum of epiphytic bryophytes in each part of the 
supporting-tree. The black portion indicates the relative number (%). and 
the portion with oblique line indicates the average constancy. 


Table 3: The growth-form spectra of epiphytic bryophytes in two places. 


Growth forms | Dor Cc SS Ey owed pola th hd igmee t 
Mountain-ridge | 7 10 2 Uh 12 10 5 29 hss 2 
Mountain-side | if 14 — _ 14 — — 42 14 7 


The growth-forms such as carpet type (C), simple feather (Sf), loosely pressed 
mat type (Lp) and turf type (Tp), which occur in the mountain-ridge, are absent in 
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the mountain-side. And the growth-form of small cushion type (ep), which is 
characteristic of the upper crown part in the mountain-ridge, has a wide vertical 
distribution in the mountain-side. The growth-form of fascicular and shrubby type 
(Fs) and hardly pressed mat type (Hp) are found in all parts of the supporting 
trees in the mountain-ridge, but are rather limited to the lower part of the trunk in 
the mountain-side. 

The stems of plants classified into the growth-form of small cushion type (ep) 
are in close contact with each other and form the “moss ball” in appearance. It 
may be considered that this growth-form is more familiar to a dry condition than 
other growth-types. It may be considered that, contrary to the case in the mountain- 
ridge, the contrast been the vigorous growth of small cushion type (ep) and the 
dull growth of fasicular and shrubby type (F's) and hardly pressed mat type (Hp) 
in the mountain-side is due to the dryness in there, which is immoderate to some 
extent, compared with that in the mountain-ridge. 


Diseussion and Conclusion 


From our observations, it becomes clear that each species does not occur all 
over the supporting-tree but its occurrence is considerably confined to limited parts 
of tke supporting-tree, in other words, each species has a definite pattern of the 
distribution which is peculiar to it. Thus, it is recognized that the epiphytic bryophyte 
community has a substantial tendency, which is noteworthy, to occur in zonal 
arranagement. The fact mentioned above shows that the respective parts of the 
supporting-tree have peculiar habitat conditions for the bryophytes to thrive. 
Therefore, it seems reasonable to say that it is an essential, indispensable method 
for the solution of ecological studies of epiphytic communities to divide the suppor- 
ting-tree into several parts, as was already proposed by Ochsner» and after- 


Table 4. The zonal arrangement in two places, 


Mountain-ridge Mountain-side 
eh ache. Height | Main Main 
growth Major species growtn Major species 
-forms -forms 
upper above cp Ulota crispa cp Ulota crispa (rare 
crown 10m Hp | Frullania usamiensis ba 4 ) 


Hp Boulaya mittenii 

crown ff fom Fs Okamuraea cristata 
Frullania moniliata cp Ulota crisba 
subsp. obscura 


bf Macrosporiella dozyoides Fs Ulota crispa 
trunk 2~5m Fs_ | Neckera konoi Hp | Frullania usamiensis 
Pterobryum arbuscula cp | Okamuraea cristata 
Orthodicranum. hakbodonse D Dolichomitriopsis diversi 
trunk below Fs Anomodon ferrugineus M wiles: iat 
base 1m Sf Thamnium sandei Branchythecium plumosum 
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words emphasized by Braun-Blanquet? 

The state of zonal arrangement observed in the mountain-ridge differs from that 
in the mountain-side. The zonal arrangements in the two places are comparatively 
summarized in Table 4. 

The epiphytic bryophyte community on the young beeches in the mountain-ridge 
is generally similar, in its floristic composition and physiognomical character, to that 
on the old beeches in the mountain-side. Then, it may be considered that the species 
found in the latter are the “pioneer” elements, as reported by E. Quarterman” 
in a early stage of the development of epiphytic community on the bark of beeches. 
However, judging from the fact that the average values of D.B.H. of investigated 
‘supporting-trees in the two places show little difference, the ages of beech forests 
in the two places are considered to be almost of the same. Therefore, such succes- 
sional view point as mentioned above may be relegated to a subsidiary position of 
consideration for the present. 

Thus, it follows.probably that the notable differences of zonal arrangement 
between the two places may be due to the differences of climatic factors brought 
by the differences of the topographical conditions. The ridge of this mountain, 
being higher than the surrounding mountains, acts necessarily as a barrier rdle, 
where very moist air coming from the Sea of Japan in winter and from the Paci- 
fic Ocean (or the Setonaikai) in summer season is always kept. Consequently, the 
mountain-ridge of Mt. Kammuri is always kept in a comparatively damper condition 
than the mountain-side all the year round. 

It seems to be natural to recognize that the epiphytic bryophyte communities in 
both places are in the stage of climax with its own peculiar composition according 
to the differences of climatic factors. 


Summary 


1. An investigation of 16 beech trees (Fagus crenata BLUME.) in the forest of 
Mt. Kammuri, located in the western part of Hiroshima Prefecture, was conducted 
to determine the vertical distribution of epiphytic bryophytes. 

2. All species taken up in the investigation of the mountain-ridge are grouped 
into four distributional types: the groups of species showing their maximum flourish- 
ing (1)<t the trunk base, (2) at the trunk, (3) at the upper trunk and crown base, 
(4) at the upper crown. 

3. It recognized that the epiphytic bryophyte communities show a substantial 
tendency of the zonation in the vertical distribution observed in the supporting- 
Trees: 

4. There are some remarkable differences in the state of zonal arrangement 
between the mountain-ridge and the mountain-side. The comparative summarization 
of the zonal arrangement in each place is shown in Table 4. 

5. It seems to be that differences in the state of zonal arrangement between 
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the two places are mainly due to the difference of climatic factors brought by topo- 


graphical conditions. 
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Under our standard germination conditions (27°C, room light; Knop’s sol.) the 
abscission of cotyledons of a bean, Vigna sesquipedalis, occurs on the 7th day of 
germination. 

With a paper-chromatographic survey, it was confirmed that the substance 
positive to Avena-test in the cotyledon as well as in the hypocotyl is exclusively 
indole-acetic acid (IAA). In the epicotyl, however, abundant Avena-positive substan- 
ces other than IAA were detected in the early stage of germination, which were 
replaced later by IAA. 

As. to the content in diffusible auxins, a maximum was seen on the 3rd day in 
the epicotyl, and in the hypocotyl, although less conspicuous, on the Ist or 2nd day. 
When the plants were grown in the dark, the content in the epicotyl showed a 
monotonous increase for 7 days- without any peak, and, notwithstanding this, the 
time of abscission of the cotyledon was not changed. Diffusible IAA was absent in 
the cotyledon, and no IAA appeared to diffuse from the cotyledon into the stem. 
These negative results were likely not to be due to the breakdown of IAA by IAA- 
oxidase in the cotyledon tissues. 

The ether-extractable IAA in the cotyledon and in the hypocotyl showed maxi- 
ma on the Ist day and on the 3rd, respectively, but that in the epicotyl showed a 
continuous increase. In the dark culture the extractable IAA content in these tissues 
showed a similar change to that in the room light culture. It was noted, 
however, that in the hypocotyl after the maximum was passed the content dropped 
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much remarkably in the dark. In this case, also, no alteration was seen in the time 
of cotyledon-abscission (abscission on the 7th day). 

It may thus be concluded that the abscission of the cotyledons would have no 
direct correlation with the content of auxins, either diffusible or extractable, in the 
stem as well as in the cotyledon tissues. 

On the other hand, according to Muir and Hansch,? IAA is thought to be 
physiologically active when associated with the sulfhydryl] (SH-) and amino groups 
of a specific protein. Van Overbeek et al. have found that abscission of the 
foliage leaves is promoted by the administration of maleimides to the tissues in 
question. We have then treated the cotyledon with SH-blocking reagents, e. g., 
N-(1-naphthy1)-maleimide and monoiodoacetic acid, and have found that abscission of 
the cotyledon is accelerated by one and a half days. Noticeable was that the 
decrease in the extractable IAA content in the treated cotyledons was markedly 
slowed down. The content of free SH-groups in the cotyledon, as assayed spectro- 
photometrically by the method of Flesch and Kun? for tissue homogenates, 
decreased as the seedlings grew. The rate of decrease in the free SH-group content 
was also reduced by the SH-blocking reagents. Similar results were obtained with 
anti-auxins or by removal of the epicotyl and plumules. In these cases distinct dis- 
solution of intercellular substances in the abscission layer, in spite of incomplete 
formation of the abscission layer itself, was found to take place. 

Thus it is clear that the occurrence of cotyledon-abscission can also be not 
ruled by the SH-levels in the cotyledons and in the stem. 

Further, no relation between the concentration gradient in respect to SH-group 
as well as IAA in the abscission region and the abscission time was seen. 

We, therefore, wish to propose the following hypothesis as to the mechanism of 
cotyledon-abscission. Cotyledonous IAA is sucked in its bound form with SH-sub- 
stance to the stem tissues. When this transport is hindered by some- means, the 
“sucking factor” of the stem should be forced to be in an unsaturated condition, 
causing some critical changes in the metabolic pattern in the abscission region. 
These changes would induce abscission of the cotyledon. 

In favor of this view, by means of histochemical techniques* it was found that 
more SH-groups in the parenchymatous cells were present in the cotyledons treated 
with SH-blocking reagents than in the normal tissues, and that the transport of 
substances in general from parenchyma into vascular bundles was blocked. 


Ref erences 


1. Muir, R.M. & Hansch, C. Plant Physiol. 26:369~374 (1951) 2. van Overbeek, J., Blondeau, R. & 
Horne, V. Amer. J. Bot. 42: 205~213 (1955) 3. Flesch, P. & Kun, E, Proc. Soc. Exp. Biol. Med. 74: 
249~279 (1952) 4. Bennet, H. S. Anat. Rec. 10:231~248 (1951) 5. Barrnett, R. J. & Seligman, A. 
M. Science 116: 323~327 (1952) 


* Investigated by the techniques of Bennet!) and Barrnett and Seligman with slight 
modifications to prevent and cancel contamination by metallic ions and thiophene. 


128 


fe Bt 


1 J 


Digi 2 eae | lala 


i Df Fe 


Ee 


Wataru TAKAMI: Physiological Researches of Pollen 


1955 42 10 A 21 AS 


LER DBFICMT SHRM AIC Ol TLS ¢ O 
PD D2, MRO M BIC CT (LI, 
Brink) (C LOCHBEDMS Oo LARENTH 
3K, RA CME SI TCie <¢, fe7z Loo & Hwang) 
(k Mn SO4 du HRAS EZ SOCEM ELTY 
2, SRD (2 EBA ny Y AOD RICH L 
CAA YOBERHACLEEMOKOT, TEGO 
KHIM S HHO 4 AYO BBO AB 
L, BL O44 VIDHSEBE CIRO CHES 
RERZCEMHD HM, SHK, TEMCBIS 
GEL? GEIL TC bk RE MT 
AG 
ZRO th R 

(1) fEBORAFICMT FAH OS 

(a) bys yys Control ¢UcHepex 


Fl. VY AF YI YOTERBEORS 
(1143150u., Control (k4~5~7. Cig) 254, AAPA, 
RAIL, RPL CORDLAICLS)) 


0.00001 = » 


ie (HERE 10%, BER 1.5%, pH. 6.0~6.2) cw 
VC, 25—27°c DIGAT CRESLSL 3 wSlaifiz 
CHEZ Lif 4, Fe, Sn, K, Mn, Mg, Ca, NHy, 
Na, Zn, Co, Ba, Sr, Cu O48 (b/y (Fe (& FeC!3 
# (#5) Ieus AgNO3 % 0.00001, 0.0001, 0.001, 
0.01, E71 Ut 5 BIBIZ, = 7P A-X-GS 
20 HUE DEBRA O RS lok, (11 Bima: 
150y.) Control (} 4~5~7 BR CR/INS 4, BAZ 
Bt 5, MAIL 7, DFEOL5CRHT) TG, 

WIE ORERIZE 1 OLGA CHORD, 

(b) =v FVL¥v av 7 GH cAMRcLec 
MADLEDY FUG OSH, FY aVT Clk 
1RRIAL CREF LIDS Db, Bia Cls 1 Hal, BH 
GE LS RII HIE LR SY FY-CILTER 
OE CHAT SAL OBS<, MRIS 
Voz, Control M/k 4~6 8 
& C11 ARRAS 150y.) CZ 
®\=, 0.001, 0.0001 x 


0.0001 0.0017 ° 0.01e7 KCl OHA 5~78 
(1) Fech pill pase aoe As ” ail an 0.0001, 0.00001 7 FeCl, 
(2) SnClp | 22~24~30 10~13~20. 5~7~10 AR ORE Sadak a 
(3) KCl | 18~22~30 10, (12 me AG nti Ronan a oer a 
(4) MnCl, Pe PST 2~3~4 WO L 3 CHAR. 
(5) MgCh|.3 ~ 4 8~10~15 9 G~8~11l = 1~3 ¥YaIT CIMEBHO 
(6) CaClg 4~ 6~7 15~17~30 8~10~18 (PFE (TEER MS <, 
(7) NH,Cl | 10~12~20 6~7-~10 e Say Control DHA 4 60~ 
(8) NaCl 5~7~9 7~9~15 B~7~9 RRIF = -210n O LGC S eR 
(9) ZnCh | 6~8~11 lamal RR HF x--CHIBATIBO A OM 
(10) AgNO3| 4~5~7 1~3~6 REF AR RH 382~693p. Dk 5 ICH L 
(11) CoCl, | 4~6~8 Pere TRE TRAE chink b oe ced, 
(12) Bach | 3 ~5 2 LUG 2~4 7A x HB  CuCh, AgNos Lyre & 
(13) SrCly ARETE ARE E ARE ORO OE Lc 0.0001, 0.00001 © x 
(14) CuCl, | 75983F AEH ARIE OR RHE OPS Bw oar 


* RAS EAS fi 2 Bey St 
Tokyo) 


(Biological Institute, Faculty of Commerce, Waseda University, 


March 1956 


Ho (CuCl & 0.00001 41 OMAK THB 
$2H)o HZ IE, Fe Clg Clk 2411, 3882u, CaCl 
G(L1764, 1882p, Zn Clp Gik 1088, 2088, KCI 
Glk 852, 1177, MgClo -Gik 705, 1441p, Cu 
Clz Gl 835, 1205. OL 5 GA, KCl, CuCh, 
NH,Cl, SrCle, MgClo -Gik 0.01 ©. Chee 
BUAbNK Ke, MRHEESNALIICRE 
RAE 4 ER 5S 0 TEM ORS DS 350p. 
O%&Oe Control OHA OWSl(E 1.1y/sec. 
0.0001 £7 FeCl; DHS OWRS(K 1. 4y/sec. 
OK 

Cc) BSUVF¥ CHItKCELRETAG 
ABS SDbRKAEN BABES, Control: v 
CHERRE RIK (FEHE1O%, SEK 1%, pH. 6.0~ 
6.2) PEW TC, BR 23°C OHA CHS EAL 
2 RSA CRF LIRD D0 RRFERIRAOR 


#2. vavrsX OLR EORS 
(138 150, Control (t 2~7~15) 


Bot. Mag. Tokyo, Vol. 69, No. 813 129 


REAAbH, COREA EA OL SnCl, 
CoClo, MnCle -G, FEEEOKE 4 Olt CaCl, 
CuClg, ZnClz BaClz,AgNO3 C9, ZO*hIs, 
Control G 2~7~15 Aa (13 Bids 150u.) -G 
db SOICMLRZD £45 RRA ASHES 
fey eh 7 ene bee Control elec 
10% HEME (PH. 5.6) 2 BiL>, RHODE CO. 0 
Ol Sr OHI EOCHANSE 26°C ssi, 
Control (k 2~5 A C13 A weds 1500p.) HEBER 
(RAW Ow, Fe Clg Git pH 4.6 OBAILRE 
3 100%'G, pH 5.6 OYAI LHI, BK 
OBS (I37A BIC 4 MAT, ERAWAhS> LBD 
SbHEOlE KCl GRAILA RB), NHyCl GK 16 
Be), CuCl, GX 15 BR), Zn Cle GRATE 
BY) ‘ChOKA Fe Clz ODHAA RVC HERA 
Wig <, BARC iF SBlLOS O LILLE, 
(d) RYRYHD KO 
5. CHET BODE, Me 
APA FIZIK (pH 5.2) & 


(1) FeCl; 7 ~ 12 ~ 18 24~40~44 13~35~44 ND FeCls Hifi FL, 25° 
(2) KCl 38~5~8 5~8~18 4~15~22 ~26°C GC, AUC HOIES 
(8) NaCl 11~18~28 11~15~20 6~ 11 ~ 18 He &, 20 SBI 20 fF 
(5) MgCl 5 ~ 10 ~ 12 11~ 16 ~ 24 eteuroa 
(e) FY KOACE 
#3. RV LY AOIEMBORS (20 HOSES, Sp igly, ermigemy Reis 
; ~ $ 25° ~ 526° 

13 23 150y, #81~83 [BId$ 25°C, 8 4~6 [B]Z$ 26°C) pis CE 8. BNO. 
fe Jk 0.000001 = 7 0.00001 »v 0. 0001 7 000001, 0.00001, 0. 0001+ 
1 11.8 15.3 20.8 eee VD FeCls iii FL, 19% 
2 27 12.0 9.9 9.2 COX, AUCMOERR 
3 3.3 Li 12.0 8.5 EWC 1.5 RIT 20 (Hf 
4 he? 6.3 6.4 aE Wee FOOD RDS EH 4 

5 2.5 biol Shall 5.8 DL} Ch, 
6 5.0 Ufa 115) ae C2) BERR ORIAFICS 

82 

34. FY O{EHBOERS (20 (HOIEH 13 B150p. ) Pare xXltHerck 
iB 7k 0.000001 € 7 0.00001 7 0. 0001 7 DTK CREF Sd 
} «22010 % D He} —) 
1 = wah pean ae 5.8 4.3 a Ss TO eg 
2 7.2 ie 11.7 7.3 BS ee acl) 
8 FA 15.9 8.1 4.2 SUS EL SHA CIL, 
4 676) 9.5 10.2 4.5 Seb 11~218 13 Be 
5 7.4 9.1 8.9 6.6 23 150v.) GHB fewoas, 15 


RRRIGRIC US 10 fC OUT, 


130 fi wm + MB 


OBS) 10, #40, 5-H 21.1GH SO 
1, BERR OLBS (RIED 72, A100, IF B1.5 “CIE 
wy OME IE < BS. CLC, FERNOV 
dt Fig. 1. DE45IC, KOBAITILHA CLE 45 o 


Fig. 1 a7 V¥F¥OFEMOKLE1O% Sucrose 
EAR, 1LSRROKE, AAD, AAAS 


Sucrose x 200 


C3) Bee LRH 

Ca) AIVEVAZPY COPE CIAOB 
GERADASHNSZLOLEY, EEA 0yf79 
4 DOBBE (tH POMO. 1e-G, 115p f2O4 
OC LH 0.2€7, 150n 704 OCs 0.3 = 


Fig. 2. AF ¥*> I 2 TYOTE a. HOBBES b, BE 0p 
DEO 0.147 Sucrose CORED, « AUC RE 115p, 
0.2 EADGES, d. BE 150y, 0.34n0HBS x150 


Fig. 3. AF ++ Y 2 THOTEHNORHH, E 
ELA 77p, 85p, 116p, 150. x 150 


#69 % #8 813 3 


Fig4 vary + ¥ DIED OBIE OA (b 2. 


12.%0> EB 
AK CARA BR, b. 10% ORK CRB x 110 . 


me 31 423 A 


NREMOCLEVICBBEDAL, Bob Dire 
WIasAS <, MEABCDS< So. Fig. 2.) 
Kit, (ESAORMMILTEDARET SGA 
HSC AICMYT Se LAMBSNSZ. Fig. 
3. (LEE Tp, 87u OL OBE 116p, 150p O 
4 DORHMeRUAK4 OCHS 

(b) =v FO 5A 8HRE CHE 10~%DR 
FRCL < BELEK 5 A LIBIC(E Re 1E~18 
CHEN LBALKS 

Cc) ¥YADF MWKDAOTEMILRELE 
EWR CE DRAF LED, KOA DS 
OILS HRBBLKRo j 
(d) HaSOPF¥ (MOBICRe LOCHA 
BEV 72 & D(L10% ORRGETK CBO BECK <I B 
LED, BNA LOCH ARORS OE12 
% PREV CAM RB Lio (Fig. 4) 

Ce) Y¥EYD COPS tae m2: 
Bibnko 

C4). EA 
CaVvFxF OR MMs 
Bib CHESSER CARES 
StHL, WHALE < 
EGE -RICDBSH, 
NERO ATR FAL 4 Olt 
RBEBAMBeE LCOS 
SOBSBS, PIMP 
lr o, BERK 
PRLEE CAC 
AIDS SALE ORR, Ye 
YY CRC ee 
4 DL AKOMCRELTC 
FTL Ck? ABBSHS], 
COSA BHM 
BENS LOTMA SAS 
WRLCROCLEWLO 
BEA. IHAYY VLE 
PEPER CULE ANSE 
FUG, FevMDsAR-~ (CPIM S 
UCITS, MOL 5H 
Dion CPIg9.) 


sala RUE 


EORIROR RICE SDL 


March 1956 


BESS ESS ES 


Pelee Nicene d 
"33eseno0 


Bot. Mag. Tokyo, Vol: 69, No. 813. 131 


nae ~ 90 

792! Bae a0 
raw, we 
4 If2..- fo “3 
Sera 
go 
CN Medors .- 
O3By% =: 2 
0905, > 1°95 
20a a 
ptesd 
4) 


Fig. 5. HEARD, a. Lae FF ORV TERSOMBOLO b. BUZEDROMBOLO, c. 
THROED, de. IF SI VOTER BOPROMEEOOOBK, f£. 2 770yYYVICRBIS 
SEVEBA IM CREO EBS) a.b. c. x1500, d.e. f. x 320 


& < DHE SABRIC Ss > CL IE DBE 
MRR ce &BHMGSNS,. SUOPEEK 
1C0.001% OfREe YS LEGA BRA 
SHRED, R7EKRAL <<, HOBBr: 
TRI FRRDCHA5. CORRCSE MHZARK 
DYSOHABLOS OD URBSWALII 2.4 
DOGS BEA) SOG ICE EAA SE S 
MCHA? TREE LOTWZLBAS 
nS, YY YOST FeCl, SnClo, KCl, Ca 
Clz, NH4Cl ABBAS sz, MnCl 42D 
BChA. vy aV7 CLS SI NaCl, SrClo% 
LRMPBSLEAEB, COBSICIT HED BUR 
CAHASO, BABS LOWOBRRARITR 
BK 10%YRIIT Se Control D 300~600p1c 
SL 2000uATIE HORT EBHS, LP aVVIF 
G4 PRPSTK1O% PED CRG CAA SD & FEAFARD5O 
MAF CHADICRBKVREMZSE 100% 
BORK, FRY BY DOGESICIKCARO 


FeCly YSIS S LTE FORALL SSS 
EDBD SING 

Ri, BAAVCLIOCERDbADRANS 
Di, *%a77'Clt KCl, KNO3, KpSOq C35 
WCHL LW BMS bNE POR, Lavr 
+ -GlE KNO3, KoSO, (& KCl CLHX CHEE 
DR LF ECHSo.- 
LEIDEN F SHA OPED OW TlET-S 
1 Brink), 49%, Of Kelley® BIC LOCTUXNG 
NOS, YaVvF¥OLIRNBOTERTS 
(AAD bORTAHE CHAT EDBLOS OF 
Hk Ek, EMORBCKLUCBBELE 
RAS <0, BRUKEMEARCEUCBE 
Ee SOR LCWSY £#256n4, BHO 
FHPRLINIC LO CIEDMORE & OFF AS, TER 
BOMBA HIS © LLP -CIAAEY CLOT 
MESNCIOSDH, MHORBBORBREMAML 
Ties) 


Summary 


In the present investigation, in the first place, the effects of various inorganic 


salts on pollen tube growth were observed. 


Used salts were FeCls3, SnClz, KCl, MnCl, MgCl, CaCl, NH,Cl, NaCl, ZnCl, 
CoCl»2, BaClz, SrCl2, aad AgNO3. Observed flowers were Rhododendron japonicum, 
Ptsum Sativum. Iris Pseudacorus, Hypercium chinese Impatiens balsamina and Thea 


sinensis, 


Conirary to commonly believed results, on suitable conditions, growth-promoting 
effects on pollen tube of some salts, such as FeCl3, SnCl,, KCl, CaClz, NH,Cl etc. 
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were observed. In case of agar media containing 10 percent cane sugar, optimum 
concentration may be 0.00001-0.0001 mol, but in case of water media it should be 
more dilute. 

In the second place, observations about function of sugar, about relation betwe- 
en starch grains, osmotic pressure and pollen tube growth, and about daily change 
of osmotic pressure of pollen grains were done. 
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DOK 1FHO LZR AA LLORH AML O. 24, 
Al, 46, 48, 59% Lib, 2 DOPMI—-BLL, F% 
SEED * OIMORS ICH RCTS 2H OEM 
DORK LOCRDSNCCOSELRARTO 
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AY BIBL RCRD SNARCHHME UR 
Af, KBTZ490ChHhS2A, MELE OERHS 
FFOCECOMMSZER< HIT BEBE 
TS (B3R)o COP RS SNE REOERE 
ALIS FS 3 OFBF IC LOTELARYENKY LOC 
bSo LOL, #82 CIVIC REAR Dp 
DB & GRIME 1 HIDIER HA CB SNK OICH 
L, AY KCI AED 5b VE RIEDRDS 
yn, Dp RC TNHITESICERFLTLE5. LU 
Dh, WDA L ES Hewle (L4H) EV 5 
BHR BBLS S, CORWIHMILT IT 
A XF5(Epilobium cephalostigma) & fale 2 1D 
ARVIEHIC Dt 6 BAH, Dy OF RRAUT Ly, 
Le DES ICE ir < 12~18 HICSS (B84) 
WEL KU Le SSL LEMOBI(LEAS 
2, Dy 23 12~18 HORROR FRIIV- Ths 90 
BEELTCWOHD, 21 FRANCS &64%IT (KS. 
CNn246H 3 RHO 7 BRIAR LIRA (Co ORF 
ORGS 21 HE] BROMO FIER 60 % (BH 
AB) t—RT Se LIEBCO 

SH, 84 Ne SR FRE Li, Le % 3 eae 
LC Dy & 6 Rat Le CEM CI MO ANT 12 
SHED TCI 83 %, Dy & 12H Xo THs GAM 
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(L1SFRH]) 90% CEE L, LORD RRR LGelt ie 
FRICS7%, 18 ORR HDS 71% CHhADIE 
HN, (LODITAW, TIlt, LLOMIF BEF 
Ch FROME F LI “RA, ChZC4B 
BF, IEMOMAKCLOMAOCHFORMBAE 
HESMNCWSELMRULTV So 

XM, BILRMOBS VCARPRIBFEARS Ly, 
Lz, OF * ORSITIL ARES, 2 HOKHOM 
(Ly, +L2) GRD b6nNS, 85 Neb Li, Lz OM 
DAK OO FOGSeZ ESE GB 2K), WFP 
DHL CHhEORBHFAL 60 FRE 1 HRHO 
(10%) LOILSDICE<, KK50 UHRA 
Fo Lh, © OBERT Le Mik Li 281 AIO 
PRIC 4 AA CHS — 

Dd FREER L XE Ly LOMMCLOCRHGS 
WS RRR, GAOL IF AX CL 
DAME OM CHD tro, LLODHSICL OR 
FF BDIRD 51S LIEB RHEEART 

RM, DbURNAC Se 2 A OHMORRI, 
NHR ILLS AN ADH ELABREL—-BTS 
PTZSBW>o LL, F'Clz Raciborski9 (1900) O 
WS DK RX 2 OTB FLD CHIR IOIERHC 
SFT STF ORKE SH, Crocker? 4 X-<2 
DERIK FEED TED C-VEOIERBCKVZ4LOCO 
FEDERAL OS ROLEBRETZ4LOL BOT 
WZDCHA5 EMNTWSS SE SICHIIG®, 
THUR & TA US B® FV + 1/90 FHF 7 1 [A] 150 Lux 
DIRRHLEDOA EC 54 YORIPRBEATISO, 
RX 2 OFBF CS REE EN BS 
S24 1000 Lux 1 FONG 64.8% DFE 
RMALCWOS. COMER aL 1 LGR 
IDI TOR OA CHEB TTS 
$OCHO, /WROBSIIRAV BFR O 
Linh 4 Bt LF 4 OAHS, 

fi aff 
suMHt “RAM, Choay €lLRE1L HO 
JERR HR ITO T 4 EORPID18~24 SAI HeJUs 
BoORFRICETS (FB 3M). LEO 1 RARE 
DCHSNKHREOBBILERDBAILERT © 

DD 1 HOR SEMME 2 HORN EMC bit 
SBAHIES. COMNCANKIGMOR SZ (E12~ 
18 DRI CHO, CORE] CD) (tHoOR 
SICAL (4), REMOBEILt OR 
FAIZ 4 Geld CHER RAO Eb Rv FRE RY 
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FL, PERNC L SIRO (LEDS OTK "BAPE, PRY SOWFO HH ERCSH 
SBI, SERIE * ORECAST, StLB2b6nSd 

2 HOH (LitL2) OATCRDSNS (1, AARCbhO, MGA eA 

25, 5M). HI AFR FRE pVASMPRBR, MOC 
DEOL 5 RH OF MILA “RABE BA RICH SNRKRRABA FEZ EDF AShe 

tyr rue, RY KE RSNZOG, HSS REDD SRHORRRT So 


Table 1. Effects of two light periods of different duration at optimum 


dark period of 15 hours. 


Length of light Py 6 5 4 3 2 1 
period (hrs.) Lz 0 1 2 3 4 5 
Germinating percentage % 53 90 85 90 86 91 


Single illumination 21 hours: 85 % 


Table II. Effects of two light periods of different duration at optimum 
dark period of 15 hours. 


Lenght of light ly 60 60 60 30 10 1 0 

period (min.) L2 0 1 10 30 60 60 60 

Germinting percentage % 10 48 56 53 53 51 11 
Résumé 


Experiments were performed to make clear the effect of light and darkness on 
germination of the spores of Dryopteris crassirhizoma which have a typical charac- 
ter of “Long Day Seeds”. 

1) A high germination rate was obtained by a single illumination so lonz as 
its duration is fairly long, for exmple, 18 or 24 hours. However, the illumination 
on the 4th day in the presoking time had rather weak effect on the germination, as 
the light-sensitivity changed with the lapse of presoaking time, as observed in the 
case of tabacco seeds (Fig. 3). 

2) One long light period mentioned above was divided into two short light 
periods, L, and L» with insertion of one dark period D;. With varying dark periods, 
it was revealed that the dark period optimum for germination was 12-18 hours, 
regardless of the lengths of both light periods. 

3) The germination rates secured by insertion of a dark period were higher 
than the rates Obtained with one continuous exposure to light whose length was 
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equal to the total period of L;4+-D,+L:. Therefore, it might be concluded that the 
dark period inserted between two light periods promoted the germination of the 
spores positively. 

4) With various combination of L; and Lz and an optimum dark period of 15 
hours, it was recognized that the germination rates were generally increased in 
proportion to the total length of both the light periods, and had no direct relation 
to each length of them. In this photo-germinating character, the spore of Dryopteris 
crassirhizoma is obviously different from the seed of Epilobium cephatostigma. 
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Sitiro SATO: The Distribution of Succinic Dehydrogenase and 
Mitochondria in the Embryos of Phaseolus vulgaris. 
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eet, 7) vane, TERI LK, TE, ise ORAZ Fst 
WHIP MIC HC, VEYA YF YORE Be OPROAAICOW TIE, CdDUC RAE < 
EF OMiihts L OLLI 38 FS 3 >> ZH HARE OBEV DFAIUCBMMEL | 3.6 BE 
PSR TEPE OAL EHR OBE IZOWT CL FPBURARDS 2 FU vy FH, TTC (2, 8, 5-triphenyl 
<RMALMZ, TOMRIC LETS, COAO tetrazolium chloride) #i7GT SMA LW 
FERED SAMITOL<, tO ChbDE LRT CT EMDMENeCWOSCTFFRVIM, BHORR 
(LRAPERBOMMA, MICZEA UCRH SHS Gh, TTC ARIC CARH CRIESNSD 
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PRET ZEGICILBOCW MWA, TLCS 
as DEBRA CW SRA TTC %& 
WEL, THAAD LCOS Edits 
mC DZribbSo 

WD ERR PLIC IST B a -> TEMAS 
IeaHO—Bl# Fig 1c LMt. Che, 
GHRIC DIO CBAWICRAR TUE Fig. 2 AF 
DLS 


Fig. 1. Transection of the hypocotyl 
region. Procambium shows the strongest 
reduction of TTC. 


rey 


MTT 


Fig. 2. Diagram of a longisection showing 
the reverse distribution of succinic dehydro- 
genase reaction (left) and mitochondria 
(right) (shaded). The enzyme reaction is 
strongest in procambium, while the mito- 
chondria are distributed in pith (prelome 
except procambium) and periderm. p, pith; 
pe, procambium; pd, periderm; am, apical 
meristem; c, calyptrogen. 
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th, WROPRIC LUE, 22> FB OkKRe 
SE(LEES + SD FAK RRs LUF b 72 AR 
LEIT, MIGRADKMRAL hd Sh sb ty 
FU VICES L CWO SHRAMBICSH, maria 
PicBeT Sh LVI HBB SENSOR, 
LLODEEABFORRMBICBW TC OAS 
HSER, shay kK Vvoso-ABL TIC BS 
ZL —-MT SILF CHS. FALCON RMB 
FSRwie, GMCwtS es bay FP VV ORD 
Peis LU RAR BIC LAZAR EO 


Co weo 
2, SkAYEFVVAEBOnA 
eB BkKOMIOV AY OMS FER 


TL, Fie SR Champy faleReG 247 A 
YE KUED FT ar, FEeRLARNT 
65°C CXIT7ZY RE, 10. OA Shi bw 
HROM HS. AFA FAFA, BS, 
YENMERF IA VY ROSE, Fra-n#E 
3L, Rs a-cNyY RBA EL CAT heyy 
YECEDB0 

Btb<S MERLE JEP RNA ADAKADCWH 
SRHMARADORkKD, MAILRWONAL < Ze 
Do FORDHAM WICMBAehbKneT 
WA, LELOMLE KAY FY Vv OQBGREL 
DPHAZDISLVBASIZE CURE (FOZ 
Shay PUVADS5 E<MESNAVITS WBE 
CHORD, MBORDOLVRICOW CH 
MAM ATWSOA, ELUM TC LDO?L 
DOUBLE Ch Sb LV 0) 

HR: shay FU viRycpRWITHHO < dQ 
KRW ARKDBELCH< FEOCHINS (Fig. 3), 


Fig. 3. Mitochondria in peridermal cells. — 
Fixation, Champy. Stain, iron hematoxylin. 
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COBY 7B, Fr a—nrig COBRA 
$.°% A72 Carnoy, Bouin, Nawaschin 7¢ Y Off] 
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FEMITIES. € SORRFA BHO LG CHS. o 
Niki bay FIVOSHHCKRERERCH 
FBS 5 o 
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2yYFUVRILREDSNEW A, Ld Li 
OPS LoOLwMOC, MMEMFBCEOTC 
WSo CORFFISMHMMICIS lal Wie BC HS 
Os, CHET, chayvPryrRat 
ZAM LAL rev MM & OSPR IL So THIS 
3% (Fig. 4-8), ERMYMMAI<, HRs LO 
AA OMMGLTANCENREA, BBR & Rot 
FARO MILT NC CWE ERE 
CDsbayFVvORAB, FRICKRLCE 
RTORE TIC- KiEOD LV O55 Fp & TER 
W Ed Fo 
3. VRABBICLSERRE 

MIND DSRS © bay FV EhSME 
IDPPRAMETARBMC, BM-OBECIHTL 
(RZ, & CIC BREB ORS, ABE 
PEDERI Tc 0 TERRELL L PBT ERR BE 
RTSRBDICMHOBE, & C1C-¥v X AKBUG-B) 
CLZLRERRELEDZVEDHS. JG-B 
CL AZRRMERBA, BK bbLoENnThO 
tEbAcHvebntws 
Shay Uv AEOR 
%HChS. this, BS 
Pili IG-B em 
SBEWDN TW Bd, 
sorokin®) (tf, = kay 
FUV(LONe MAE 
fF PCH TCMME TS Sd, 
FRPP UHL EO L 5 
BAI 4b Reig OD CHAE 
cama SIS EWOTW 
Os 
LRALCBR: AC 
Mee, TTC pose tt 
HtS EE CMMICD 
EL, 2~3K&FO#R— pv 
AFA FC IG-BIKIANE 


Figs. 4-7. Transection 
of the radicle and hy- 
pocotyl regions of a 
embryo showing the 
distribution of mito- 
chondria in pith and 
periderm. 


' Fig. 8. A greater mag- 


nification of a portion 
of the same _ section 
shown in fig. 4. 
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DNTP FARDIEN CHET SL, TRAE 
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RLAbSbNK. 
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Dzrbay FIV vit, AEA LEARS LST 
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MOCWHSELESREPABZCE, CHO 
FC ch ay FYE ENTCWHSZELIGE 
GS [Elo 
7. Beets 

TShAY FU PT(LSN COMMAS. < ENT 
Std, SAWIAVRA RDA LITE 
CIEL ASNSRE EOHNSE EBABY, 
LELIEOBEC BED HMI MIMO RICK 
HDMCI, COOLLSCILESHWS EDM 
DK, tikbbdb, COME, LOL ERIML 
D ERBAIT db S nT SHALE & BUT RUS D MPI 
ERS FAY FYUVARBASHF, wd DHnfIas 
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D., COMR(LISbavervyv esc EHSL 
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Teds Fig. 4-8 (SHER ROMAKCLALOS 
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Summary 


In the earliest stage of germination (after about 20 hrs. in dark at 25° C) of 
the seeds of Phaseolus vulgaris, succinic dehydrogenase reaction with TTC method 
appeares most strongly in apical meristem and procambium, i. e. in the most em- 
bryonal cells, and weakly in pith and periderm. On the same stage of germination, 
however, the hematoxylin staining in fixed preparation and the supravital staining 
with Janus green B demonstrated that the mitochondria are distributed in pith and 
periderm but not in apical meristem and procambium. On the other hand, in the 
late stage of germination, the mitochondria were found jn all cells of the tissue. 
These results revealed that the enzyme found in the cells of procambium of radicle 
may be organized into cytoplasmic granules, when it is found in the cambial cells in 
the seedling. 
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Makoto NUMATA and Sadao ASANO: Some Considerations Concerning 
the Biological Types of Plants. I. 
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SA) + vBOy ~ F a wf Polygonatum 


(R3G), +49), Smilacina (R3G), ¥ 2+} 


DreFXsvY YY], Pauax (R3G) tf EIAS 
i, He oHBLSEOP (scar) eR 4LORV HESEDS 
SBZENKIE S$ VCP RIC DIAS 9 BEKO & 
CAMHS AERA CS & Femalh KO Hh EEO 
4, ZOP-ANC -ARS EO Hh SEDs STW 
So Mbt CHETSLEXRSE LET VO 

MB) 29 Alo Y DY 7 )s, Paris CR3G), 
5VYBOD 24 F479 vis, Ephippianthus (R3G) 
DmALO, BEER AB Tricyrtis &< liv 
ARE ARECASNSS CHIMERA 
fetas, WEES PILO A) I CBE-ALD 
CHD CHIE Db OFT Gk Rs OT Sie 
BHD WELEOMNTAZATE AZT. BO 
BRO 4 O12 KHEORIM CHS. 
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BIC) FEES EE ds DHE ELBA GSO CRO 
L5 RRR ETO, ADITHPICILV OREO 
BEES, COL FCM PROHARAROES 
PIE Clo 6 Ok, HSMOV eb 
HAO HO Be HO LDR Curd SZ root 
contraction) IC{@CWwAo AIDFEOEH 
BEZS-MODOCOCWS, ALUBOFTH 
ARIAS VY¥AYyY Viola Bisseti, ~ = 
vUt4yyv Viola vaginata (wnt 
R3H), *%AI RAZVRPOAVIUVE 
Coptis (R3H), FYPIOA =T VIE 
Gastrodia (R3G) tr YITRoNSA] 
BY D) MASEOSGV ARSE GHEISD “Ck 
SEAN Y = AIR (odo 4 moniliform) 
MORBAZGEC, FYB OzKAE 
Calanthe, 4 ->4 7 v |=, Cremastra, 2 
7 47xv\8 Ororchis, 2 > v|eLiparis 
QoFivb RG) HEDHS. WEEIX 
RETF SO CRHOPMBLOT HU < te 


Was, Ry & UCILSIL ORR RAT EHS, 
ME) C) dic 4d, UMA S RSET 

BOE L, EYRMIAS GER ARADO HVAT 

RAVEO4 FV YY Vie Anemone te ¥, 
MF) cOMERRICbROTCOS< Abn 


144 Ka wm = RE Bs a 69 4 FH 813 = AB #31 43 A 


ZLOCHS|I, WMAEIKAS DFAOL< CH 
zd, A) CIC CHEAPER LAL OL Sz bn 
2, SHEL, Mab bE2 cock, WE 
a, MPF LEHR SRW ERED 
A) tcbnSo BBRLOOMRSITSL, 
YELD A FB Atractylodes (R3G), «VED 
yp? Y AY whe Spuriopimpinella (R3G), + Y # 
J RAVEOVI VI Y AY z/R Cimicifuga, v 
YRyAY =, Anemonopsis (rt. R3G), 


SANS 


——- 
FS a 
oe 


J wy = Ss FYMOAVIY BR Evia (R3E) OF LSS 
4 SAAN Bo 


Summary 


1) There are several problems to be discussed in the field survey and statistics 
of biological types of plants. The important ones among those are as follows: 

a. In the case of Japan covering three climatic zones, it will be of little ecolog- 
ical value to collect statistics as a whole unless stratifying those areas. 

b. There are some cases difficult to judge a biological type to which a plant 
belongs. Particularly the individual variation of the highest position of perennial 
buds and the influences of microclimatic conditions based on topography are to be 
noticed. 

c. The ecological meaning of species spectrum is restricted within narrow 
limits. The frequency spectrum in a wider sense sholud be used. 

d. The concept of phylogentetic type is not fully removed even in the Raunk- 
iaer’s life-form system. Abundance of geophytes in the monocotylous plants, for 
instance, exerts an influence upon the species spectrum. 

e. The sampling techniques have not been systematically introduced in the 
former statistics-of biological types. The sampling method will be also useful as in 
the case of the vegetational analysis. 

2) In this report, some considerations concerning the point b. mentioned above 
will be described. Especially the cases difficult to judge whether R3 (a type of 
rhizome plants) or Rs (non-clonal growth) in the radicoid types Proposes by the 
senior author have been taken up as follows (cf. Fig. A~F): 

A) The tuberous enlargements of the rhizome with the conspicuous scars left 
by the fall of the erect stems of previous seasons. We are apt to judge as R; by 
the only one erect stalk of the current season. . g. Polygonatum, Smilacina, Pauax. 

B) A distinct rhizome from which a single erect shoot develops each year and 
the remnants of similar shoots of former seasons are not clear. e. g. Paris, Ephip- 
pianthus, Tricyrtis. 

C) A obliquely ascending rhizome similar to the lowering of a rosette plant 
from year to year by the root-contraction. The scale leaves of former seasons 


nd 
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remain partly. e. g. Viola Bisetti, Viola vaginata, Coptis, Gastrodia. 
D) A beadlike chain of tubers. It is a special form of R3. e. g. Calanthe, 


Cremastra, Ororchis. Liparis. 


E) A horizontal rhizome with short internodes. It is similar to C) besides 


the character of a geophyte. e. g. Anemone. 


F) An obliquely asbending rhizome from the sides of which a few erect stems 
rise. e. g. Atractylodes, Spuriopimpinella, Cimicifuga, Anemonopsis 
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ETS. HKORPSC LMCI SABA 
FG ORD CRE ¢, Cards < APM S tv 
THHZOCECH), EKMBAMS TAHOE S 
dO “MER ERIME, ROWER ( Sete 
Pb RICH SECS ( OMASIF 6H, AE 
FED, MRR OFA: Mica CNT 
VS_ BAI RIMA 4 KOT RAR RO LE 
MSF ARO BIC IEAOWARS A SOL, HE 
MAROMH My Gt UCM) DIEING 
Aes ET SRR (KEAZlE Satina and 
Blakeslee 1925~1954: Datura hybrid) 7¥, 
BRIER MERE IC $3 C kt S (UR DEE BPR 
WAAL >4S2kE (Brabec 1953, 
1954) © BAERZRV SF — XO» b HAN Ze Pflanzen- 
karyologie 23H 7s 4 ONE BZ LODO h AKRER 
APT ELEEICS< ORREFAZCWS, 1912 H. 
Winkler 43 Solanum lycopersicum (2n=24) & 
S. Nigrum (2n=72) & O}ERRERCOY OHL 
FMLA (Burdo & 43%) S. Darwinianum Of 
RAL ERC LV b> OSE LBS NS Cb 
ZAkUCW4S, (Gebriider Borntrager, Berlin- 
Nikolassee) (N. T.) 
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Hayashi ONO and Yoso KONAGAMITsU: The Formation 
of Starch in the Isolated Chloroplast I 


1955 4 12 AO13 BST 


«ata icistt S chloroplast AD starch FZp\ 
LOW COMBM(2SW28, MTL O We BE S Nee 
chloroplast lc3siIt4 starch FHpKlICOurcls 
WR EBT SIT TEN RRIT So SOMA tstt S 
phosphorylase O/itfelC BY Uc 7Esé chloroplast 
= leucoplast “£M plastid DAITHA dis. 
#g (Yin, 1948 etc.) &, chloroplast (C7r< 
ICDOABSDLV SZ (Stocking, 
1952) 2350 BAPE AWM AK tuber 
ARKO Starch 7% p% M148 a» 6 Phosphor- 
ylase (X plastid, cytoplasma M({A}vIc 4 FEL 
4O PEA LMIDA © ERB BAO AE SCIRATNC 
HMC SA, Mic plastid CHC LOPE A aR 
WhDLBNKo FORMA DAL OOZES 
EOCBUEHS starch Z3 plastid HICOABAGRS 
tL, BYE cytoplasma FICO SNAILS 
Chdo tNCRHBILCNSE —VOROKR BS 
(S#MMIGAIC 4st phosphorylase OFF7EO LEAT 
OME Cte < CTOPEAD TRIO ME ChS iB 
No HOBLMMIAL 5 BES tv% chloroplast 
© cytoplasma starch JZike MET AMicL 
DCHED BRED CEORMRE DALLAS 
Bo 


cytoplasma 


RRM HE CAE 
EB PRAREISHGMUBBIS k OPO starch #4 
4eStbte Raphanus sativus. & Bryophyllum cal 
yeinum OPE EA Lie, starch BRA E LC 
BRR nec pH 6.0 cHs¥ Lt: G-1-P (Cori 
ester) -Pfgi x DPFO 0.01 Mol. Awe HAA Lit 
ZEORR* hole slide glass IC ANZ Orn CHE 


"DUIN KR FBEBE yess 


4-8) 0 #2 GEE L chloroplast -~P cytoplasma 
Vie, Wat&Ire starch +H ES ANE 
TKREFSSE GR LR MENICHE® pH 6.0 CHIR 
fil CHL L7e 0.05 Mol. © Glucose Alc isv>T 
Waring Blendor -€ homogenate (C/E, 20~ 
25mm © |bifis is iS 4 HA S AE YRWe 4% 1800-2000 r. - 
p.m -@ 45; lalaehse BEL chloroplast 2B S 
CHALK ZEORLEL 5°~10°C O Kine 
HH SED PEUTIC MULE L feo 
LRBRLCFR 

1. #S. iE Sif chloroplast -~ cytopla- 
sma Git G-1-P ER Mb OA starch A4H%S 
11425, glucose, fructose li sucrose k 97% 
Bj Stier, Fig. 1 OF Bryophyllum D chl- 
oroplast (tZ8HITHUTC 0.5 KHIGs.b starch 
DMM 5314 Starch grain (LPDERK-S 
chloroplast ICH ZES ADs, ICH chloroplast 
ICM Do AMOR LO WBES HZ chloro- 
plast -Git Bryophyllum (is akice<o 
starch OPMiLeo bE < AK 3~9 (HOH 
DMEF SITIES. MOR G-1-P HAM 3s 
4 starch OF MittHABAKRE CEG SH 
fe starch AMAATIC FW RAIA SRFOUD 
EWU. starch (k%f\C chloroplast FAIZO 
AWMENS LOCI UBS cytoplasma 
MRS chloroplast OM PARES Do» LL 
HARRIE OS LV. starch ORE RIS 
4o starch 23 chloroplast COA}#R SiH 
cytoplasma KPMENKVBES, TOMOBS, 
SUM AUIS & BRIT TR < FBR STA =SODHADB 
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BSnko Z¥EO MRI SHAE Nh Be 
phosphorylase 23 chloroplast } cytoplasma (af 
MUE % FFE LIMA D ERMA EOE KIC LOT 
phosphorylase O/eHI jj A:3¢4d SSB AES 
4o lS chloroplast ~~ cytoplasma ® phosp- 
hory:ase ® starch j4ptfE HALEN ED MDs 
& WBE S tL S HO MIG AIC t31F SRO, FZ 
(Hot, MEE SORMAC SSI, TORIC RES 
ALIZPEFATIL, CAA MMMD: 5 WE RHR EAIS 
EAN SAIC, HERES EZEAEOBE 
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plasma ®t" phosphorylase  7§PERE(E MG 
AICAFEES ZIFF ICA DERMAL OZMEK £ 
DCREENS. AMOME 0 WskSIvze cyto- 
plasma (c(i, Bryophyllum 45% starch A+ 
< Bat S te ea RTI $s\>C & starch BY 
MENS. : 

3. starch FeRIC RIES Kk AYRE OR 
#8 :Bryophyllum Diep. bie S fe chloropl- 
ast IC(k 3.0~8.0 © Fama AVeiFHO pH BiH 
$s\c starch BPBMANADDs, AMBEL Ok 


Table 1. The effect of temperature on the formation of starch in the isolated 
chloroplast and cytoplasma(In these cases starch was not formed in 
the water that contains no G-1-P) 
; : Activity of starch 
5 Temperature in Temperature in F 
Material wh. ch plants which the iso- formation 
were treated latee chloro- 
for 7 days befo- dlast and cyto- 
re chloroplast plasma were trea- 
and cytoplasma ted in G-1-P 
plants isolating Sabeirate Chloroplast Cytoplasma 
Oc .C OPN: sit = 
202i? +h als 
' Bryophyllum 
Of iG ttt = 
202" 8e 202 1G: tit = 
(e) ° 5° Cc: pal le 
ol 20° C. + + 
Raphanus 
boc: 5 48 
20° RG 207 Ga te ip 


DIPGANIA O 5 Tiev>o 

2. starch BRICRIES BEOMS : pill<c 
20°C. OR RIC MEE L th OBE o> SWB S tte 
chloroplast (k 0°C O¢Rikicisddr7- HED Silk 
BESHEGSL OA starch AL< BRAHS 
(Table 1), chloroplast © cytoplasma #3)ipit & 
HP-EOIRE, A) G-1-P HAs AUEO 
PARE FTE) ORBLE Ad © FEOM 
42-Ce LELAND starch Pic wtSZBSat& 
DER C > So 


HED RE RUSS 2% HR OAKILIE -phosphor-. 


ylase O/EAICHAT SHL><, MIGAR-O 
FEV UE UL, WeBES fe chloroplast % 
{k cytoplasma © phosphorylase /eFA2 sal 2ele 
HMLSN SHAT. Alb chloroplast - cyto- 


Bie & Fuze chloroplast E(k pH 4.5~6.3 (cia 
Shk. —fIC pH: 5.0~6.3 2k ¢ starch 23 
PRSNS,. CHILO GARR F Ms 
PHLAIIO starch jZx, KHeeePA tuber 
k 04H S17 phosphorylase D in vitro \C 3s 
SArEHOBS LAME CHS. Bryophyllum © 
(LAKE OBES AUR LO Boe BRIE 3s C 
starch APMEINAVILHIAO Mime LTO 
FEPEIC EB & Esso 

4. starch WRICRIFT HOM: West st 
yz: chloroplast ~~ cytoplasma <¢ G-1-P 3&8 
HG starch ABM AWS BCID BAL 
Wy, £RL chloroplast ~P cytoplasma # {hwo 
BEd» b VBE S tb SHIICTED 5 PD SHOW ALAS 
€, COBALT NATESHREO starch B 
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Table 2. The formation of starch in the chloroplast and cytoplasma isolated 


from the leaves of Raphanus kept in the light and in the dark. 


ha rondikitens which The activity of starch formation 
leaves was treated 
before isolating of 
chloroplast and cyto- 
plasma Chloroplast Cytoplasma 
In the light woe nce che cee Oe en cer eceeeteve scence +4 ++ 
In the dark, 7 days.-+:+++-+ tesseseeeeeeees + Pes 
In the dark, more than 10 days. _ - 
In the dark 7 days and then 
exposured to the light before 
isolating chloroplast and 
cytoplasma OP Jaltawats ate tte Dene chels bintrs seth. clale ae +. tt 
Fig. 1. Schematic figures of starch formed chloroplast -~ cytoplasma HAlz k 9 &< OM starch 
in isolated chloroplast. AK SHtkeo MATIC ssPNRHL 0 RSH E 
Raphanus: GEcl(k chloroplast E44 cytoplasma (ck 


At beginning After ie hours b4&¢® starch 25j25% RI. phosporylase OYE 
ane PERAACH 4S. <ALL HAL 9 TEREL 
fe chloroplast -© cytoplasma |< starch (Z}Zi% 
SHED, IO WAT HD BRI LocH 
So CIZIE Bryophyllum (~KPAT Hewe Uc Hes 
Hk CHEAT KL OCS starch Bk ¢ BR 
SINDo 
reWleeL Cc starch &PRL < HORS 


Bryophy1lum: chloroplast - cytoplasma ES & ZpATIC BE 
oat + ema Ai as ied eee ORC LES SL, tnd odes 


w chloroplast -P cytoplasma ® starch D}%pAt 
& phosphorylase OfFHAILHU< HATS, 
EO ELST SHI AE O AEC EDC HHS HS he 
IU OER EO AE{EAS chloroplast -© cyto-- 
plasma O#\C3st}4 phosphorylase OYGPERF 
wachd lL, £OfEMZS chloroplast  cytoplasma 
7 WE SERA EN AZRD CHS. HOBBS 
FaRRH] ORBIE-G(L chloroplast k 9 4 cytoplasma 
\c starch PMPFHAALRS, 
ia af 

ERORIE G-1-P HEBML UC, AAs 
V»ClL Mammo, MAIL 0 WES chloropl- 
ast -P cytoplasma (< starch ABA RN, TH 
*E\Cts\t% phosphorylase O/EAAIt, THE 
ASM D> 5B WBE S 4 J iO IMIALED AYE k 0 
MIC FSV CHR < HIS, Hl Table 2 HULK SD MIG ARAO RMVB LOCHASHS 
RRICMAATL O 4B so teB Dd: BE Rte Se HC Leo EORER phosphorylase (x chl- 
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oroplast, cytoplasma fi MIC 4 FEEL, TOPE WABI He & 2 KEYS & PONSA Bb DAT ML 
DITA RAS AI) CHS. MDT. SE%CE BETS cde AS MRI Is CT 4S LS starch 
MU T Sk, (RT, MSS ARIC MLE L BEd b ie Wren (XH A TS. MEBESI% chloroplast 
BELLO 4 starch Ak <BRANS’, MAT > cytoplasma C$sit4 starch fepylcii~4re 7k 
IC ¢ dsl 7HE K OWES M7 chloroplast +> 4 > YUSEE(X pH 55.0~6.0 Cho, FAW 
cytoplasma (C(k starch Zip RAF, BL > in vitro \C3¥s\t4 phosporylase O/eFAIT 
ELD ¥,& chloroplast -® cytoplasma 7% i#¥i& (STE LAA CHA. 
Summary 


1. In the chloroplast and cytoplasma isolated from the leaves of Bryophyllun and 
Raphanus, starch was formed mere in the G—1-P substrate. 

2. The formation of starch in the isolated chlroplast and cytoplasma were cont- 
rolled by the change of physiological factors’ which has an effect before they are 
isolating. 

3. More starch was formed in the chloroplast and cytoplasma isolated from the 
leaves kept in the light and in higher temperature than in those from the leaves kept 
in the dark and in lower temperature. 

4. Starch forming activity diminishes earlier in chloroplast than in cytoplasma 
when the leaves kept in the dark. 

5. Starch is easily formed in the chloroplast and cytoplasma isolated from the 
leaves kept in the dark for many days but exposed again to the light immediately 
before isolation. 
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Yukio HuziwARA: Karyotype Analysis in Aster 1V 


1955 “F 12 AT Bet 


ge 19,2).3) (LF 3 Hil ol~C Aster fx 14 th, 
6 Hiffts LU 3 BMICOWMC BH HI6 BIEL 
fio PHS H1C5 MH, 1 Hts LU 4 AICO 
CREA RIT OKO CHU TS 0 

Hs KLOAE 

POF RIE tA CCHOTHY RM AE 
KOI 9 Ch So 

Aster dimorphophyllus Fr. et Sav. 2F7¥7 

7D 
A. maackii Regel & PY AY 
A. ageratoides Turcz. subsp. leiophyllus 


Kitamura yw a3 ry 

A. ageratoides Tarcz. subsp. leiophyllus 
Kitamura var. sawadanus Kitamura + y 
ke yr a rr 

A, ageratoides Turcz. subsp. ovatus Kitamura 
var. littoricola Kitamura *\7ay*¥ 7 

A. ageratoides Turcz. subsp. ovatus 

Kitamura var. hortensis Kitamura =3¥Y 
¥D 

A, ageratoides Turcz. subsp, ovatus 

Kitamura = var. humilis Kitamura 2+ 
Is 

A. dubius Onno 

A. ptarmicoides T. et G. FUT YX 7X 

A. novi-belgii L. 2v¢yv¥ 7 


PP wAs 


if aR 


1. R2>VVHFA Aster dimorphoyhpllus Fr. 
et Sav. 2n=18 §#i L—THE (figs. 1, 2, 21; 
table 1) 

PRAMIO ALE PRISMAILAS & LIBEL Db 8 MIc 


* SARS OPEB RIC L SPE 


XBISND. FRRAL2NG, 6 317, 18) 23 median 
talid~tc submedian GhA, RADE 1 
WC, 2k L2E Feta RG CHP I REE 
LOES 7.2p50, BPOILMWTES 486 
bS_ BEASVESIt ZR (var. divisus Makino) 
LAIN ORM (var. indivisus Makino) & 
isl CPM O BRITS SVE. 

PENIROXCRHD SNS, 

KC 2n)=18=2csAsm + 2Asm4+2Am+4Bsm 

+2Cst-+2Cem 4. 2Dsm + 2hm 


Table I. Measurements of somatic chromo- 
somes in A. dimorphophyllus 


Chromo- » : Centro- 
somes Length inp mere 
2 7.2=4.241.84+1.2 sm 
3,4 7.2=4.24+3.0 sm 
5,6 7.2=3.64+3.6 m 
7-10 6.6=3.6+3.0 sm 
11,1 6.0=4.241.8 st 
13,14 6.0=3.64+2.4 sm 
15,16 5,4=3.042.4 sm 
17,18 4.8=2.442. 4 m 


2. EXYAY A. maackii Regel 2n=18 fa 
AELUZE (figs. 3,4,22; table II) 
ASRAIZ IN ARUBA ICO A ASS PERE G 
So PRAM BRISA IS 6 BIC RBIG SZ, 
ARAUE 2 HF (11, 12515, 16) Zi median, Ayltt~ 
Cc submedian CHS. MADE K 1 Xf (1, 2) 
(2 L2E COT HBT KORE 4h DE 
S 6.659, R)OWAARIRA 42y6RS, 
PMLKORCHDH&NSZ, 
K(2n)=18=2csAsm + 8Bsm 4 2Pm49Csm 
+2D™+2Esm 
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Figs. 1-20. Somatic chromosomes of Aster. x 1200. 


1-2) A. dimorphophyllus 2n=18. 
leiophyllus 2n=18. 
9-11) A. ageratoides subsp. ovatus var. littoricola 
ovatus var. hortensis 2n=36. 
15-16) A. dubius 2n=18. 


2n=48. 


3-4) A. maackii 


2n= 36. 


2n=18,. 
7-8) A. ageratoides subsp. leiophyllus var. 


Pe yew “i 


ie ities 


sawadanus 2n=36. 
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5-6) A. ageratoides subsp. 


11-12) A. ageratoides subsp. 


19-20) A. novi-belgii 


13-14) A. ageratoides subsp. ovatus var. humilis. 2n=36. 
17-18) <A. ptarmicoides 2n=18. 
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Table II. Measurements of somatic chromo- 


somes in A maackii 


Chromo- < Centro- 

eieae Length inp. aicee 
eZ 6.6=3.64+1.84+1.2 sm 
3-10 6.0=3.64+2.4 sm 
Le 6.0=3.0+3.0 m 
13, 14 5.4=3.04+2.4 sm 
15,16 4,8=2.442.4 m 
17,18 4,2=2.441.8 sm 


| 


3. ynaxksF A. ageratoides Turcz. subsp. 

leiophyllus Kitamura 2n=18 WYRE Cfigs. 5, 
6; table III) 

ASHES 4 BRE O ALAS LY, 2n=18 O 
2ftD (FD FH THPED 4 Ole 2n=36 (fig. 23) 3s 
LU 2n=38, fifREXTFIED 4 OIC 2n=54 AiR 
BOirte. MHA lLAn=18D 4 OT CHO 
tro PRAYERS AS 8 FERC EI SS 0 TG 
Sarilt 2xt (7,839,10) 23 median, f#hlk>~<Tt 
submedian CS. TRADH 1x, 2) (th 
L2E Bef KCHOCHES 7.8 y, R)OAAARIIE 
&3.8y ChS_ PALO Wak 1 xf (11,12) is 
LC 4 FABUCTRREABD 55ND 

BAIL RONRCRHSNSo 


K(2n)=18=25Asm 4 2B +-2Csm4 4Cm 
+ Ycs])sm + 9Fsm + 9F'sm + 2Gsm 


Table III. Measurements of somatic chro- 
mosomes in A. ageratoides subsp. leiophyllus 


Centro- 


Chromo : 
somes Length in mere 
il 4 7.8=4.24+2.441.2 sm 
3,4 6.6=3.6+3.0 sm 
5,6 6.0=8.6+2.4 sm 
7-10 6.0=3.0+3.0 m 
1A? 5.4=3.0+1.8+0.6 sm 
13,14 4.8=3.0+1.8 sm 
15,16 4.2=2.441.8 sm 
17,18 3.8=2,44+1.4 sm 


4, Fy bY aaxsF A. ageratoides 
Turcz. subsp. Jeiophyllus Kitamura var. 
sawadanus Kitamura 2n=36  #fihierellpE 
(figs. 7,8; table IV) 


AF 81 4E 3 A 


ALK MIT HUT & 2n=36 $s LU 2n=38 Dw 
Moor, HTL 2n=36 OKIE OL CHF 
Fo, 36 (HOYLE 10 MMIC BI CX So IK 
OBWAKILES 7.8p 5), MPOREAIERS 
3,6p CGhS. LE Bahl WRH5N4. Ta 
HAL 6 MF (17, 18:19, 20 ;21, 22 ;23, 24 531, 32 ; 
35,36) 23% median, {kik submedian C4. 


PHI KOL-CHDSNS. 
K(2n)=36=2:3 Asm + 6Bem + 2Bsm 4 6Csm 
4+8CP+2Dsm+44Esm42Fm4 9Fsm42Gm 


Table IV. Measurements of somatic chro- 
mosomes in A. ageratoides subsp. leiophyllus 


var. sawadanus 


Chromo- . Centro- 
somes Length inp mere 
12 7.8=4.24+2.441.2 sm 
3-8 6.6=4.242.4 sm 
9,10 6.6=3.6+3.0 sm 
11-16 6.0=38.642.4 sm 
17-24 6.0=3.0+3.0 m 
25, 26 5.4=3.042.4 sm 
27-30 4.8=3.041.8 sm 
Sloe 4.8=2.442.4 m 
33, 34 4,.2=2.4+1.8 sm 
35, 36 3.6=1.841.8 m 


5. sz<euyv¥yZ A. ageratoides Turcz. 
snbsp. ovatus Kitamura var. littoricola Kita- 
mura 2n=36 FEA Cfigs. 9,10,24; table 
Vv) 


PRATER 36 (kh 10 PRICK BESS, 
IADPERLES 7. 8y BOWE KL 
2.49 “CSD BEKORS DAH LV, 
L2E YG RIX 1 WIRD 51S, HRAIL 3317, 
18; 19,20; 35,36) 23 median, “h/t submedian 
Ch Bo 


BEILRORCRH ENS 6 


K(2n)=36=25As™ 4. 4Bsm 4.2Csm4.Dsm 
+-2E™ + 2F'm 4 4F9™ 4. 8Gsm 4 2H sm 97m 


March 1956 


Table V. Measurements of somatic chromo- 


somes in A. ageratoides subsp. ovatus var. 


litt oricola 
Chromo- . Centro- 
aes Length inp vint 

2 7.8=4.24+2.441.2 sm 
3-6 6. 6=4.242.4 sm 
‘(bites 6.0=3.64+2.4 sm 
9-16 5.4=3.04+2.4 sm 
17,18 4,.8=2.442.4 m 
19, 20 3.6=1.84+1.8 m 
21-24 3.6=2.44+1.2 sm 
25-32 3.0=1.84+1.2 sm 
33, 34 2.8=1.8+1.0 sm 
35, 36 2.4=1,2+1.2 


6. av¥7 _~ A. ageratoides Turcz. subsp. 
ovatus Kitamura var. hortensis Kitamura 
2n=36 #ehtdh Cfigs. 11,12; table VI) 

PRAT EARS A(R ILER RIC REICH HS IK 
DBAS 8.4 y, In/POBART 2.4y CREO 
EDS Lio LE YR LD ND. GA 
Rik 4 50h C7, 8; 9, 10; 25, 26 ; 35, 36) 23. median, 
ft Submedian -GA_ 

PABIIROXK CR SiS 


K (2n)=36=2csAsm 4 2Bsm+42Csm44Dm 
Zev 4. GR se Diem 4G ens 2G 
8Hsm+21™ 


Table. VI. Ma2asirements of somatic chro- 


mosomes in A. ageratoides subsp. ovatus var. 


hortensis 
Chromo- : Centro- 
atties Length in p. Red 
LZ 8.4=4.84+2.441.2 sm 
34 7.2=4.842.4 sm 
5,6 6.6=3.6+3.0 sm 
7-10 6.0=3.04+3.0 m 
11,42 5.4=3.641.8 sm 
13-18 5.4=3.04+2.4 sm 
19, 20 4.2=2.441.8 sm 
21-24 3.6=2.441.2 sm 
25, 26 3.6=1.841.8 m 
27-34 3.0=1.841.2 sm 
35, 36 Taya oil be m 


7 awF*Z A.ageratoides Turcz. subsp. 
ovatus Kitamura var. humilis Kitamura 2”=36 
#et GH (figs. 13,14; table VII) 

AMID KR 36 A(X 11 MICK BGCS 4S. 
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AO BALES 7.20, BepoOwmfarrieee 
L.2y CHEMO RS DFAT H LV9 «LAE 
BAL LW bNS. TARAS 6X (15,16: 
17,18; 27,28; 29,30; 31,32; 35,36) 23 median, 
fH(k submedian GHA, 
RRUIROXRCRH SNS. 
K(2n)=36=2csAsm + 2Bsm+ 4Csm+46)sm 
+-4Em42F sm 44Gsm 4 2H 6Hm+4 2Ism 
+2Jm 


Table VII. Measurements of somatic chr- 


omosomes in A. ageratoides subsp. ovatus var. 


humilis 
Chromo- : Centro- 
somes Length inp mere 
Le 7.2=4,24+1.84+1.2 sm 
3,4 6.6=3.6+3.0 sm 
5-8 6.0=3.642.4 sm 
9-14 5, 4=3.0+2.4 sm 
15-18 4.8=2.442.4 m 
19, 20 3.6=2.441.2 sm 
21-24 3.0=1.84+1.2 sm 
25,26 2.4=1.441.0 sm 
27-32 2.4=1.241.2 m 
33, 34 1,.8=1.2+0.6 sm 
1.2=0.6+0.6 


35, 36 


8. PYP¥EZ A. dubius Onno 2n=18 
see (figs. 15, 16, 25) 

ATE OPE SVT TYE IOLHRLAC— 
RL KOK CHRHSN4S6 


K(2n)=18=2Ast-+2Bst4- 2Bsm- 4 2Cst +. 
2Dst-+-4Esm + 2Em 4 2Fsm 


9, FYUPY NEF A. ptarmicoides T. et 
G. 2n=18 #ke4h (figs. 17,18: table VIII) 

APRIZILT 2 Y DIRPED 4 OCE ORBEA) 
SCRK 4.2uB)1.8p ChS.q 18fHOAEHR 
(L5MRICKRWCS, RADBWBARL x (1, 2)0t 
EWI RREE LOTSA, ABESLBLED 
& FLCC AA Aster (CLO NS L2EM EA fk & (Tit 
FRREKTAZ4LO0i HbnS. ARAL median 
DbLOw<, 3 Kf (3,4;11, 12 518, 14) 23 subter- 
minal c, (Hlkt~c submedian CHAZ, 

PBI KRORCRLENSo 


K(2n)=18=2,.A™ +2Bst-+6Bs™ +4Cst 
+4D)sm 
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Table VIII. Measurements of somatic 


chromosomes in A. ptarmicoides 


Centro- 


Chromo- : ‘ 
somes Length inp mere 
2 4.2=1.84+1.24+1.2 sm 
3,4 3.0=2.4+0.6 st 
5-10 3.0=1.84+1.2 sm 
11-14 2.4=1.8+0.6 st 
15-18 1.8=1.2+0.6 sm 
10. ayBY¥S A. novi-belgii L. 2n=48 


fee is Cfigs. 19,20,26: table IX) 

ARE GILT 29 DRPEDLOCHS2:, BASEHA 
WEL CAS RHESNTWS IMBC VT 
FEL <, Year 4 TH * Cho. SHIA REE 
(L 2n=48 D4DCHS. AMOBAB AS HIT 
NS, FCORSILRK 3.60, BP) 1.4p, 328 
2.0p CHOC Aster HE/NCHS, BHAT 
median O407e¢, 8 Xf (5,6; 7,8; 9,10; 11, 
12 513, 14515, 16;17,18;19,20) 23 subterminal 
fix submedian Gi 4. MKRRER LORS 
PRILFBXD bILTEV> 


24! 
Figs. 21-26. 
22) A. maackii 2n=18. 


subsp. ovatus var. littoricola 2n=36. 


S69 4 A 813 & 


Photomicrographs of somatic chromosomes, 
23) A. ageratoides subsp. leiophyllus 2n=36. 
25) A. dubius 


Wf 31 4 3 A 


PANIIKOKR CHR SNG 
K(2n)=48=4A™ + 4Bst+ 12Cst + 24Dsm 
+4Esm 


Table IX. Measurements of somatic chro- 


mosomes in A. novi-belgii 


Chromo- ‘ 
somes Dena a mere 
1-4 3.6=2.441.2 sm 
50 2.4=1.8+0.6 st 
9-20 2.0=1.4+0.6 st 
21-44 1.8=1.2+0.6 sm 
45-48 1.4=0.8+0.6 sm 


6S tit 

RFVLED, EPYAFYBILOYVE AAFO 
2 Mw FN4 LHO VE BaKRS 4 OCW 
Bo 4 foe y hey wart, rnway se 
DP, AYF WRIVATFFIC BCE 1G 
FOLZE BBR bh, BEKAS 4 ATOR 
WO OFA LIRR CLAb, CHS5O4 fe 
HILT ACRR4REBASNS, FV EX 


,* 
we Le 


23 
a \ ¢ 
a he” bn 
or te 
oF BS ont 
25 264m 


21) A. dimorphophyllus 2n=18. 


24) A. ageratoides 


2n=18. 26) A. novi-belgii 2n=48. 


March 1956 


YRarAFlLhO 4 (HM LirpAlae SHO, mR 
REGAL DRE E ORS SORDID 
Vo I —-ORRIC LL, ICR CROAK L 
Bx bWS aT AaYHF, 2YX FRITS 
¥ FD OUNCE HVC &BAUIS ¢ (L- BEF, ae 
FODZRDBDbLNAS 

YR areFlO3s\C MMA PACED BD bNS 
C&ellay be yvra rs, -eprayvxe 7; i2ay 
VP, AVF PIRES O 4 PEO bot 
ZEEE Aster BOBO MICbSROCH 
PULA ERE SKA LOC LEAT 4 OCH 
0, ERARMOS< Cis CRBRHICKE & 
DATEL ELSES LO PEA EAL 
Dc OBOMELICMSFL Ro LE RRT4L OCH 
Bo 

FYE D(LEDBCHSA EV TITY SFPD 
CMBR kL UE BH ICT SAY AIC t3\> 
CLS BRM. BY (xX Aster KL UK 
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Erigeron JC t3\ CHAO ei,  Erigeron 
FORBADE COE Cb So LRH DIC 
Lio Hb7 YF 7BEOSVTIY TF IO 
REAR /NE CIEE CHIT Erigeron Ly 
HASHIM LCWSZCEIL Aster fO Alpigenia 
ffirts lA Erigeron RICANS ODN ChS 
CLEERT4LDCHESO 

ALF AV DPD A. ptarmicoides tskU A. 
novi-belgii ZERO A. novae-angliae +3 kU 
A. subulatus & AU < Sea fe As mRIC DIGS A 
AED Aster LPMARAWICHSC LEFTY 
7 fC SE LSS ¢ BORRMRe LOL Le 
RItLOCHS_ 

HFS 2 WO CW SKA F PRB RIE OIE 
TT TAF b OPIBOR ROR RRMA SAN BE 
GALE EIFS. MB OPRERICER TTF & 3 eet 
Bee, JFL, URAC R RICK LUBHORS 
BET o 


Summary 
1. The karyotypes of 5 species, 1 subspecies and 4 varieties of Aster are reported. 


2. The karyotype formulae are as follows: 


A. dimorphophyllus 


K(2n)=18=28 As™+2As™+2ARP +4Bsm +2Cs + 2Csm42Dsm 4+2Em 


A. maackit 


K(2n)=18=2e Asm +-sBem +283 +-2Csm --2D™ 4-2 
A. ageratoides subsp. leiophyllus 

K(2n)=18=2¢ Asm +-2Bsm + 2Csm4-4Cm +2cs Dem 2Esm + 2F'sm 4-2Gsm 
A. ageratoides subsp. leiophyllus var. sawadanus 

K(2n)=36=2¢s Asm +6Esm42Bsm-4+6Cs™ 4 8Cp+2D™ +4Eim +2EM + 2hsm +2Gm 
A. ageratoides subsp. ovatus var. littoricola 

K(2n) =36=23sAsm 4+-4Bsm 4+2Csm +8Dsm 42Em +2F™-+-4F5m48Gsm +2Hsm +2] 
A. agertoides subsp. ovatus var. hortensis 

K(2n)=36=2¢s Asm +2Bsm +2Csm +4Dm +2E5™+6E3™+4 2Fs™ + 4Gim-+ 2GP + 

3 8Hsm 421m 

A. ageratoides subsp. ovatus var. humilis 

K(2n)=36=2¢s Asm +2Bs™ +4Csm +6Dsm +4Em +2Fsm +-4Gsm +2Hi™ + 6HP+ 

2Ism + 2Jm 

A. dubius 

K(2n)=18=2A*+2E$t+ 2Bsm + 2Cst+ 2Dst-+4-4Esm + 2EM 4+ 2F'sm 
A. ptarmicoides 

K(2n)=18=2,, As +2Bit+6Bs™ + 4Cst-+-40sm 
A, novi-belgii | 

K(2n)=48=4A™ + 4Bst4-12Cst4+-24Dsm +-4Esm 

5| A 3c mm 


-1) RR 4K fl HE RAE 66:262 (1953) | 2) —+—_—_-— 
a 6 8198-3.(1995): 4) 


~ fk 97: 184 (1954) 
2efafs 25-26: 923 (1955) 
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Koji YANO: On the Chromosomes in Some Mosses. 


XI. Chromosomes in 


1956 42 1 A 13 Bett 


SKM Pw AT TRON F <I 
(Pohlia), 2 + + 7 |, (Rhodobryum) DY KEICO 
VC Bea (ROME & TOR: (REF1IS1, 53a), AKAS 
BOI WKAR (Bryum) DAB PAICOV 
CIRO MRA LOCKS OM HASTE SNC 
% (fl. & fim. Marchal 1911, Em. Marchal 19 
20**, Wettstein 1924, Heitz 1928, Jachimsky 
1932, Griesinger 1937**, Wettstein & Straub 1 
942, = br 1955), FRLMMOBIC OW TILER 
FROBURDS Te , DRAB OPAC OU clita 


a 


BI, AIHARO 6 [R20KICOF 


BARON, CHEOPMLEDSBEO 


ais 


EOKERR & SCBHES So 


AFI HV SIA RRMOMA, PREIZKOIN 
CHO, MEMO RERIME ODS cial 
ERC hoo 


fa % SREB 


Pohlia scabridens (Mitt.) Broth. #%¢ si Alii 


Ves 


revolvens (Card.) Nog. 

. columbica (kindb.) Broth. 
. cornea (L.) Limpr. 

. Wahlenbergii (Web. et Mohr.) Andrews, 


fEUE AT 
ee WL 
we We 


eee PLL, FRARLL 


P. revoluta (Card.) Ochi. DUE : BALA 
P. acuminata Hoppe et Hornsh. kes EL 
P. Suzukii Ochi. ee PAKFTIY 
P. nutans Schreb, (SE LAGI, BYE HORI 
P. patentissima Ochi. Bee / MENS 
Bryum nagasakense Broth. RE SAT ) 
B. argenteum L. we SA 


Bryaceae-mosses. 


B. cyclophyllum (Schwagr.) Br eur. 


we mT 
B. pseudo-alpinum Ren, et Card. pts: 
B. caespiticum L. wie PAFTUY 
Anomobryum japonicum Broth. x: WW 
Plagiobryum japonicum Nog. UATE 
Brachymenium exile (Doz, et Molk.) v. d..B. et 
Lac. we aA 

Rhodobryum roseum (Weis.) Limpr. 
fads Abe 
R. giganteum (Hook. ) Par. BES vv DH BT 

ca) = 
I. Pohlia 


Pohlia scabridens. (Fig. I, a-d) 

HENESLER, BRITA Sar EABRORERIILAS 
FE CHOK, HA K(n)=10=V(H) + 2J+ 6(2v 
+4j)+m(h), MBAR OARS 3 HORS 
7a EER CV. 2)), 6 HO pA ALK (4s k t 2v, 
4j) KUL HOm LORS. RAKOVERU m lk 
CHENHRAKEK Hh CHO, Zh oEO PE 
(LEMOS < ORO Hh LiF SSEHCHS, BD 
® H(t median HARP AL—M (ZAR) OB 
MICH RED GI, DEC AMO PIRACY 
USS Te VRAEDBD NS, TORMMET 
TEDL MO BBR & EMO BBO /\sps> 
CHS. hl(LEOAMAS heteropycnotic G3, 
Cait Nukleolinus-Chromosomen G4, 
WMOMEO H LU h ORM BML RT ATE 
A FASCIA C SURES <, MOIS 2 WICK 
BI Sve 


* SAAS SE eee ye (Biological Institute, Takada Campus. Faculty of 


*K 


Education, Niigata Untiversity, Takada, Japan). 
Tischler (1927, ’38) BAK, 


March 1956 


Fig. 


Bot. Mag. Tokyo, Vol. 69, No. 813 157 


Fig. I. Chromosomes and heteropycnosis in ten Pohlia-species. a-d. P. scabridens: a, b, c. 


gametophyte; d. meiotic chromosomes at MI of SMC; m=10. 


e, f. P. revolvens. g, P. columbica. h. P. cornea. i. P. Wahlenbergii. j. P. revoluta. k. P. 


acuminata, e-k. gamctophyte, m=11. 1, m. P. Suzukii, gametophyte; n=20. 


n, 0, q. P.nutans: n, 0. gametophyte; q. meiotic chromosomes at MI of SMC; n=22. 


p. P. patentissima, gametophyte; n=22. x 3000 


HIF BLAS WBF BIT HE TC (210(f{O bivalent 
DHBRGHO, CHD SICKBM(LHBY ON 
TkDORK, MINEO 5 SIRAODS OlL H-H © 
WE CHEE SH, CHrishiRAAKITO—-HO 
ROA LOCHELTUOSZABAMO bivalent & 
ROMEO BRAS (Fig. 1, d), 

Pohlia rvevolvens, P. columbica, P. cornea, 

P. Wahlenbergii, P. revoluta, P. acuminata 

(Fig. I, e-k). ; 


Ce 6 HAUL IDA OG MEME SEER, OF LORIE IC A 


SICA IRROPERILAGES BRE n=11 ChO 
C kid P. scabridens (n=10) Eb 41 (BV. 


SEA LBRIT CUE CIR n= 11 OBL AIRS P. 
Fauliei, P. elongata OfifaCRieL, HAI V 
(H)+6J+3+m(h) 'Se$ lets, KOT, 

ABIC(k n=10 KRU n=1l O02 Kiitidod 
SEHD. FAA Ur 6 MOREE AS Bila 
P, scabridens DES LARICK)LHOSER 
cA Shn, Hirt ROMSLALCH &N4_ 

K(n)=11=V(H)+2J+7(2v+5j)+m(h), gb 
cE 6 PO BITRE CH, bh) ko 
KOR YLfafkK (2J) tk P. scabridens tiv 
WHOLOE OMA, DUO j WHE AA 
BELO VMBo COMO jC B)Chd 
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C, CORS SIRTEMLARCHS_. HEOTe 
WO SABIL P. scabridens CletHniie— he 
HAA T So 

Pohlia Suzukii. (Fig. 1, 1, m) 

HEKEIER, AMO BE IL n=20 CG, Fed 
® P. scabridens D—fifEGCGhA. PEO KM 
4 K(n)=20=2V(H) +4J +12(4v+8j)+2m(h) 
CT EEAMO TNO 2GeAT FLAT 2 
{HO H CHR SR HBMORES SIL 
Md Sor, —HidpACKECHKEAS<, AE 
DETAIL ClL— SBS Chore .(Fig. 1, m), 

Pohlia nutans, P. patentissima. (Fig. I, n-q) 

MGPESEMEMERLER, SLE PRIX n=22 CHK, 
Hla cic P. nutans, P. longicollis DWifE2s 
HEME GC n=11 eR ES AMM ChS 
ct, MU K(n)=22 =2V(H)+12J+642m(h) 
DBMX CAR SNS CS & eH Lie (RF 1953a), 

SEX P. patentissima 4c P. nutans CO 
°C bil < PHRASE, SORRARE CIE 
BA Be te LAB Te Oke / Ae RD RED fi 
SIZ SRET Se EBB MMO Ae HH It 
Lit OBE & ARCADE Bea ict 


Fig. 


ARAN 31 3 4A 


SHADE, MST KOVANCHT CEST 
Bo K(n)=22 =2V(H)+4J +14(4v+10j )+2n 
(h)o 

f[°OO2(Ho H fAliclt, MRE, P. Suzukii 
Dili H PCH bavi & [AlAs Be D Ze 
BANK, KEAIe P. Suzukii OTNLHN 
DE MAG RICIA C 2 (HOB) 7s J BRITE Md 
2380, REMOR-AHE (n=1) OFnI Hh 
NZ ETHEEO 2K LMOTCW SD, HOCONE 
Wf (LAIKA TS O 

f3 P. nutans (HS Cita Ad OWT 
REGAL Ro TORR PMC T 2211 25 
PRK Bhybh, SME AO BRKROREYO 
FFEEIRBD OH DOF (Fig. L ado 

Il. Bryum 

Bryum nagasakense, B. argenteum, B. cyclo- 

phyllum, B. pseudo-alpinum, B. caespiticum 

(Fig. II) 

SHER RE, DPIC SN KEEROM 
BIL ARBGHOK, CHD 6 B. caespitic- 
um DZefapteelt El. & Em. Marchal (1911), 
Wettstein (1924), Wettsetin & Straub (1942) 


Fig. II. Chromosomes and heteropycnosis in five Bryum-species, n=10. a=c. B, nagasakense : 


a, b. gametophyte; c. meiotic chromosomes at MI of SMC. d. B. argenieum, gametophyte. 
e, f. B. cyclophyllum: e. gametophyte; f. meiotic chromosomes at MI of SMC. 
g. B. pseudo-alpinum, gametophyte. h. B. caespiticnm, gametophyte. x3000 


March 1956 


YEH n=10, Griesinger (1937) Ick 4 n=10 
Rhu n=20, = (1955) LH 200 rye 
hh, B argenteum D triz Em. Marcha 1(1920) 
Yk O n=10, Jachimsky (1935) (ck b n=7e 
Ma SNCS. BAC LOCMHE SNK bid 5 
BOB AMILTA Cc n=10 EHO, MEBOM 
PARLORS AIC LC) Mb Ae HR 
RIE 4 (HORDE PR (2V,2J), 5 (i O/)M Bes, 
ECE 2v, 3/) KUGDis m L OMS. EL 
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i, 2=10, AKO IRE, WAALS H, h © 
KS BOE SIL Bryum JRO Cavs £1F SABES 
Do SRULATIO BB (KOAE Sk Bryum RO 
THEIL RERADSY.. K(n)=105V 
(H)+V +23 +5(2v+3j)+mc(h). 
IV. Plagiobryum 

Plagiobryum japonicum, (Fig. III, c, d) 

HEMESLER, DEFEIC AW Davic Beth (KO PERIAS 
to M=10, COMARELADOLHCa bh 


Fig. [I]. Gametoyhytic chromosomes and heteropycnosis of Anomobryum japonicum (a, b), 
(n=10) Plagiobryum japonicum (c, d), (n=10), Brachymenium ‘exile (e, f) (n=11), 
Rhodobryum roseum (g, h) (n=11), and R. giganteum (i) (m=11).* x 3000 


CHAD V km lttnthn HR h-Ch 
4. Hit median O7RARTA LALO ree = 
YR L, ABO AEA heteropycnotic Gs 
Bo m (L425 heteropycnotic GHY, Chik 
Nukleolinus-Chromosomen ¢,4, #EOCTxon 
ae GO A tIemIC ~K(n)=10=V(H) + V+ 
2J+5(2v+3))+m(h) GREEN, 

B. nagasakense }2U: B. cyclophyllum © phe 
Cit [IFAM OWA 4 MAES Nie (Fig. IL, 
c, f)o. ORAM — PIC LOL ASHAMIC 
Mbbn, MAO H-H WALA RIES 
AL, AONE CHE OFEAU CA RELIA™® 
ADMITS SOL LAHNSAC LBSDO 
126 


Ill Anomobryum 
Anomobryum japonicum (Fig. III, a, b) 
HEME SEER, DPFEIC FAV 6 arvic AUR RD PEBIAS 


b— KEIO 4h (2V, 23), AMMO 5 fm Wes 
2v, 33) kU mo BAD V kU m lkenEn 
Bryum [ROt nS ARic H, bh CHS. FEO 
CHIL Bryum jst eR K(n)=10=VCH)+ 
V4+2J+5(2v+3j)+m(h) GREN4A, RLAM 
DABARL Bryum © CASEI HEL RIT RK 
Fro 
V. Brachymenium 

Brachymenium exile (Fig. III, e, f) 

PERE SER, DEFEIC FAV btvie EURO PEBIAS 
re, N=11, CORAL 4 THOAMZ BR 
(2V, 2J), 6 fa D-H KR CES 3v, 31) RU 
pic m LOMA. PHO 33956 2 fAlLHR 
CMP Gss m ORSS EMRCHS. RKO 
Vkum lttntn H RU bh -CHSZ_ 

K(n)=11=V(H)+V +2J4+6(3v+3j)+m(Ch) 

VI. Rhodobryum 
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Rhodobryum. roseum, R. giganteum. (Fig. Ut, 
eo) 

WHEE BER, WEFEIC FAV Bute BOBO PEAS 
zt, R. giganteum DYefa PBUL FARK, “AD 
(1932) Zk oO nm=1l LEMBSh, Aes Mle 
ESAWRE G m= 11 LH LTS (KEF192), S 
(E(B IC & D Fees KD IRR ee MS LC ROMS 
PAIRED K(n)=11=V(H)+5V+4J+m 
Ch), jRRO BWR RIDORMI IL CHLCK 
FW 


& & 


Pohlia f&,©10f8-G n=10, n=11, n=20. 2% 
U n=22 OAH Shik. CHO 5 
% n=10 © P. scabridens (LA/ROZEREI CH 
b, n=11 0 6fK'(P. revolvens, P. columbica, P. 
cornea, P. Wahlenbergii, P. revoluta, P. acumi- 
nata) (23EAR AIT HEL UD fv) te ete pK GD) 
WAIT hKOCW SEH, n=20 OD P. Suzukii 
(SHER YAIO 2 (FERRO, n=22 O 2 
(P. nutans P. patentissima) (LR—-{Gtio eA 
D2HRRT RAHM ChOR, FLT n=10kK 
Un=110 Sahih 4 MERE SLER Co SAS n=20, 
N=22 OF Bhs MEME GC OK, 5 OPES 
{LOFAEIL, Af (n=10, n=11) DRERRE 
OKERROD H (Ltn-eh HERE X RU Y Ch 
0, Suoffe (n=20, n=22) B4OCWS 2H 
DH4 EN Ci— fp OMEPED OMERK D> 6 FASE L 
RX MOY CHS CMETNIAAIC SH 
Zo Fl. & fm. Marchal (1907, /09, 711) (ZiHElé 
FERRO KED sporophyte yb A Ai apospory Ic 
LOCH UP AUBPRTHEMERIER Ch So & SESE 
L, ERRCC SBR AIC J: c (eC SE 
DerIGBMEDE SCLeRLE —AH Miintzing 
(1933), Heitz (1942) 2% uo Lowry (1948, /54) 


69 4 Ss 813 


Hen 31 4A 3 A 


fs 4, HERE FUERTE IEA CRED FTE C % S45 & EGR 
L, URE & PPHCME D FiTee & HEE SNS < Oi 
HED ERRED FBG LCS (REF 1951, 53a, 
153b, '54, 55a, '55b), SAIEIES drt: Pohlia tHe 
OPE BIC HB D Ae MAKEOCHYO, 
CNILERAEAOERERHT SED CHS 
f3 n=20, n=22 ORM 2 Ho H fajlelt 
HLS BEEPE D FED BONDOC AAT AHR 
Wr MbAZLOLHESNSA,. HOCH he 
(n=10, n=11) Obie D HIB $38 % 5 < ABR 
EMHSLOLHEBENSAd. HLETNSOMERK 
OMEER BI ~ (CHGHET Bo CASAHEC SORA, 
SAUL Hits ibnr kook > ML CHOR 
(DSA ODI LEW LC ACHSo 

Bryum ROARS << OHBAI LOT 
(£1. & Em, Marchal 1911, Em. Marchal 1920*, 
Heitz 1928, Jachimsky 1932, Griesinger 1937*, 
= 1955) 4D 4 BOW CMB SHeCWS) 
(B. capillare B. caespiticum, B. argenteum, 
B, Corrensii), LNEO 4 RACE B. argenteum 


OX Jachimsky 23 nm=7 LMALRELOX. 


PRUE TANT n=10 Rit n=20 CHR, AE 
HIT LOCHRESHK 51 (B. nagasakense, B. 
argenteum, B. cyclophyllum, B. pseudo-alpinum, 
B. caespiticum) 4+~C n=10 CRHOKOD, 
AR OBRAMILISt6<¢ n=10 CHA}, fa B. 
caespiticum (COX Griesinger (1937)* (x n=10 
RU n=20 LAH ULCWOSA, MIT=w (1955) 
4 FED AD WIAs BL 201l MeL 
ko HHDOMAIL n=10 Choroe, HED 
ASHHIT & BEA CEDHEFES SO EDD bt 
“DIES 

AHF OBATIN & HAL & MOF RF HE, 
TEC IC OPFE ME O fle & UT Ute Sve 
BOA ATE RICH LPR < HILAR SQ 


Résumé 


Six genera twenty species of mosses belonging to Bryaceae were studied 
cytologically with special reference to their karyotypes and heterochromosomes. 


The results obtained are as follows: 
Pohlia scabridens (Mitt.) Broth. 


* Tischler (1927,/38) BANK, 


K(n)=10=V(H)+2J +6(2v+4j) +m(h) 
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P. revolvens (Card.) Nog. K(2)=11=V(H) + 2J +7(2v +5j)+ mth) 
P. revoluta (Card.) Ochi. K(2)=11=V(H)+2J+7(2v+5j)+mch) 
P. columbica (Kindb.) Broth. K(a)=11=V (H)+2J+7(2v+5j)+mch) 
P. cornea (L.) Limpr. K(m)=11=V(H)-+ 2J +7(2v +5j)+ mch) 
P. Wahlenbergii (Web. et Mohr.) Andrews. K(m)=1L=V(H)+2J+7(2v +5j) +m(h) 
P. acuminata Hoppe et Hornsh. K(a)=11=V(A) +2J+7(2v+5j)+mch) 
P. Suzukti Ochi. K(n)=20=2V(H) +4J+12(4v+8j)+2m(h) 
P. nutans Schreb. K(2)=22=2V(H)+4J +14(4v +10j))+2mch) 
P. patentissima Ochi. K(n)=22=2V (H) +4J + 14(4v+10j) +2mch) 
Bryum nagasakense Broth. K(2)=10=V(H)+ V+ 2J+5(2v+3j)+m(h) 
B. argenteum L. K(2)=10=V(H) + V+2J+5(2v +3j)+m(h) 
B. cyclophyllum (Schwagr.) Br. eur. K(n)=10=V(H)+V-+2J+5(2v+3j)+m(h) 
B. pseudo-alpinum Ren. et Card. K(#)=10=V(H)+V+2J+5(2v+3j)+mch) 
B. caespiticum L. K(n)=10=V(H)+ V + 2J+-5(2v + 3j) + mh) 
Anomobryum japonicum Broth. K(2)=10=V(A)+V+2J+5(2v+3j)+ mh) 
Plagiobryum japonicum Nog. K(n)=10:=V(H)+V+2J+5(2v +3j)+m(h) 
Brachymenium exile (Doz. et Molk.) 
v. d. B. et Lac. K(m)=11=V(H)4+V+2J+6(3v+3j)+mch) 
Rhodobryum roseum (Weis.) Limpr. K(m)=11=V(H)+5V +4J+mch) 
R. giganteum (Hook.) Par. K(2)=11=V(H)+5V+4J+mch) 
5| 3c mw 
1. Marchal, El. & Em, Bull. Acad. Belg. Cl. Sci. 1907: 765-789 (1907) 2 Ce LOO 


1249-1288 (1909) 3, . Id. 1911: 750-776 (1911) 4. Heitz, E. Jahrb. f. wiss. Bot. 69: 
762-818 (1928) 5. . Arch. Jul. Klaus-Stiftg. 17: 444-448 (1942) 6. Jachimsky, H. 
Jahrb, f. wiss. Bot. 81: 203-238 (1935) 7. Lowry, R.J. Mem. Torr. Bot. Club, 20(2): 1-42 
(1948) 8. . Bryologist, 57, 1: 1-5 (1954) 9. Miintzing, A. Hereditas, 18: 33-55 
(1933) 10. Sannomia, M. Jour. Hattori Bot. Lab. 15: 115-118 (1955) ll. Tischler,G. Tab. 
Biol. 4: 1-67_(1927) —12. . Id. 16: 162-218 (1938) 13. Wettstein, F.v. Biol, Zentr. 
44: 145-168 (1924) 14. Wettstein, F.v. & Straub, J. Zeits. indukt. Abst. Vererb. 80: 271-280 
(1942) 15. Yano, K. Bot. Mag. Tokyo, 64: 234-287 (1951) 16. . Id. 66: 43-48 
(1953a) 17. ——. Id. 66: 197-202 (1953b) _—:18. _Id. 67: 129-133 (1954) “19. 
. Id. 68: 195 199 (19553) —«-20. . Id. 68: 217-220 (1955b) 
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Y6 TAKENAKA: Cytogenetic Studies in Nicotiana X. 
Reduction Divisions in N. Langsdorffii. 


1956 4-1 A 26 BSety 


AGHO BAIL, CL) BIRIZSHEIT L ORME 
RBGROBA, 2) HHOWRKTRRELAAL 
CORBBEVCHODEE (3) 25 2/RORAHS 
FEA RIC XL SARiptwtE(L OFA Ch So 


BE EARAL 
ASPFLIZ Vt: N. Langsdorffii (¥3L1D Ho- 
ward Kirb BABSCAMICAHSENKLO CH 
So Aes Alata PHiITH UA 2n=18 Gh 
Do DOT HNO MED 6b TMA LOT 


B“teF ODMH" TE DRo LO LERICIZA 
J FRC CMLL, HR CoE UCH 
Baret vRLoa“BLOS LEK” HALKO 
3 4 
AEA ELINA D HCAS HH (2 AS D BIT FED T 
HEFT TS. BRIT ASD & 2 (MA tRd: 7 HE 4 
(MAES 1 Ath bn. 9FA 2 MAA 
PASSCELHA|AS, TORMIHACHLDE 
Vo 4 MAE ARO URI ALT SD 2 Bela Ala Bees pK 
FHRADLOCH 9, MMIC AES S 2 Hlhs 


LE, 


Fig. 1. N. Langsdorffii, PMC’ s. 
a, One type of early diaphase, 7y~+1ry. 


) | oa 
Oa fos g en 
SS 


b, other type ef early diaphase, 7j7+1yy, 


showing one heteromorphic pair. 


c, diaphase, 93;, showing one heteromorphic pair, 


Rustica HilTAMSNTWEADS, ZHUWPILO AEB, 
SA CLEMO) Alata HiICAZxe Lito 
Fo TELL N. rustica WUC/DIEC, PPC MIRE 
BL, TEBILMRO LD LBROLOLUDS, FE 
#325 Petunia violacea D k 5 CHFACACHEZO 
BADE LVR ECHS, 

AED ELM D ELS ¢ (LSKMAMB > — s vYIck 


Wo RAD ABAIC OV CAS Vo Bupa thas 1 sop 
Do 1D 6 FAO 2 (MAG ARL 4 iia po TI 
MTSLOLILFAKCHS. CA Kis 134 
ChSo 

AS—- FAT (L 9 FLD 2 (MYLES RO $ H% BS 
2, SLT AO 2 fd 1 Ho 4 Hizeakomg 
BID Bide ld 7 HAD 2 (ili, 1 f{O3 Gi, 1 iri 


7 Contributions from the National Institute of Genetics, Japan, No. 150 
National Institute of Genetics, Misima, Shizuoka Pref., Japan. 
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a b 
Microphoto. of MI in PMC’s of Nicotiana 
Langsdorffii. a, 711+liy, b, 61+1vyr. 


TICK et 1 HO 6 he AKAs Sh 
Ro PB PPA ROMMeERtT &RKOLAC 


raontt le 3 


Bs — FUE PRS DS 
Cy i ( ( ; . x 3 ii ° rR 91, 71+-livn, 7+li+1 | Total 


OP UGE 
Ceprayy ee, 


Fig. 2. N. Langsdorffti, M1, chromosome 
figs. a, b, 7+1iy. c, 7+1it+lr.d, 91 


O 1 ze Aa brAZBRSE ESN. 9 HO 2 fil 
REKOBGSLL OAS 7 2 fit, tnhicos 
CAEEO 1H 2 (HAEAKO MHS CAS 
SOD 2 AE KCHS. 1 HO 4 (MAAK i 
(HRD 2 HLRARASACH OC, Mii 2 
(LEADKS 2S CHD. 4 (MAAAKOM ST Mio 
Bute nF CHS MIC 3 ili oN 
BB, FOESIDGTAMI 1 MASLAK 1 fas tete 
FS. LOZ MABKO—MO 4 DILGADKE 
SCHY, FURS HhinOLEAKIRKD $ OCH 
So 1 iMHPEAL EKEADREEO LOCH 
Do Titdd 4 AA KRO— iO BE ABIES L 
DORGAN AS 9 4 (MEBANE IES < Five 
n FRG veFHOLOBERSNS, eI 


BASIN Isc UL 2 LER RUUTE L 
< RICA BERT SS, FRIC AERP O CS 
LOBHA. 4 (MAL PRILVHO 2 HlihIkL < 


Fig, 3: 


a, &, 


ee CO 
COM 


Fig. 3. N. Langsdorffii, AI, showing 
a chromosome bridge builded from the 


largest bivalent. 


MRRICTT << DS, LOI KO 2 HHL & SICA BEDS 
$3 CC HEMGROK ZOARSF, CD20 
Oi2 MABRROC SL, LlELIEAB AGRO 
So CHIL CHEAMBRAT SE OAS, CD 4 
MALE AD MIN te SD 4 OS 2 MASP ¢ 
DEBANST Sd & 45 AI REE F fe BO 
Ro ENC PEAROM HEI Loc 1~2 fo) 


| Path AINE BN] SUBS. 
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FIC (2 AR OF BARTSEIC 9 OF 
WCHS|S, HICILIE 8 CHOC 1 PMA 
BEF ACeEBMdS. EROCMNKIES & 8 Ee 
Choc 2 HP REA RKALboNSckbbO 
ho BIOTA CLK 1 CORBA 
bhko Ba FMOMMIILIA E 4a FRO S 
Das, PAIK 1 MIF 2 RAK $4 DB HSo 

if iw 

Avery (1938) (k Alata Kini es oF 
Raab, COB ACKD, N. Langsdorffii 
DRI BOME CH PMNS 91 Rhee. LD 
ZICEGLE OTE MI ORI70%G Ie 1 fHD 4 fill 
Bake LOLCLeHMOK, EK 3 HPAES 
S4LOXA UMM LOLOL LCHETSZE, 
LIVULH BOMOBEICETS SPOOL 5 Fewer 
SEF AIC MIED & DL BASNS. 6 4 il 
LBRO PROKS ie 2 HORBAE P & PY O 
10S GRRL, MODS 2 He QQ OF 
SORT L, COAMBRRIZ Q P P! QA’ CH 
So P & PY (LS BEC LC BG ESOS 
FAB ICHAT LO*OLHE SND. EKQ 
& Q (LA MERIL3 MARAOMMA tikbt 
WESC (2KO20%) QA OF 3 = KE 
TS. DEO P& PMC RORMBDLE 
» CAS EMTICHABS 9, Q(k P Loalic, 
Q’ (k PY LOMNICKS CHAM e EON Q 
& Ql ONT &AS PHA BDZIHS © 

Kostoff (1941—1943) (x N. Langsdorffii 
PRR OE LC, B—-TBO PBL BMOIZU 
EOE, LIZLIEL MO, BRICIR2 fio, o<¢ 
MOIVIC 3 HO 2 (MAE AREMELeE. ELCTLEO 
BH MLIMABI 1 HOT AK eB OCIO, ie 
(LEBWEBDIC 1 HOTT ATRRLE CBE LES 
EL THe + 7 AO D [LMA ARS eVWds, 


se 69 4 BE 813 S 


Wf 31 4 3 4A 


HBB AT AOD & OITA ABAHNZ Ch S & HE 
ZBELKo 

ee Ope t HEC BZSL,PLEQ’ LAS, MH 
[RPP & Q EASEMARCHAERLEG DEER 
EHS. HOCELUNK P & P,Q’ dQ, 
P2£QP&Q kU P & Q Celz P? & Q) 
DMICENEHASEBDHAAAET SEEN 
HOD, CO2LIX P, Pl, Q, UO 4 BK 
Ds, WAILe’, WA EPAOWE THM CH 
SZcCLRPERELDS. 

Price SEAS PHIIK 6 MARAE BSL RA, 
Kostoff (1941—43) 4 Ex -BRA CHM LB 
PIC RGIUIC 3 REAR Re. CNHEORER 
Orne, bicik<f P (P/), Q (Q’) OH BAIL 
BWo<SENSLOLMbNS, HECT P (P/), 
QQ’), DH X (KX) £\>5 HAM LOH 
BARASB2b6NS. 

Kostoff (1941—43) (LER-FRAG, BB 
PIQOEDAMIa GC, Paklk 2HOREARY 1 
~3 MEL. thhthreDbt—KWE*e Bd 
PAD EH KS PLC OERMAROPBe EI 
Lt, #5 2 RORABAARRME 6 LBA CWS 
DB, HAOMLMSDOMRE LOC, RNA 
ORBEA n=9 LO4BOLOCHS 
CLPHERELDSZ, thbb Langsdorffit (t 
HEU Ch S2h LNG DS, LKD<—-HO 
Hyperploid 42% b14_, 

LOE DI 4 ME AIL QP P/Q’ OFF 
itDb, COREL QP! & PQ &ChHS—, 
ELCQPEPQ LeHoVHAMNOAMRes 
MRIZSEFA|RO WL 2 BOMM( 2 MOOTED 
BEN CIUCMIDT S 4 DO REE MIWA 
Wn ChSo CNPHKRCHSME 5 DLS oT 
FES SNS BW CHS. 


Summary 


The haploid chromosome number of N. Langsdorffii, is nine, as.in N. alata, 
N. Sanderae and N. bonariensis. Avery (1938) reported that this plant shows nine 
bivalents at the first metaphase of the PMC’ s; however, I have most often observed 
the configuration 711+1ry , occasionally 9, and rarely 71+11 +1; at the diakinesis 
and also at the first metaphase. The quadrivalent is N-shaped at the first metaphase. 
The two middle elements are the largest of all the chromosomes and the two ter- 
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minal ones are about the same in size as the other chromosomes. At the first ane: 
phase, the four elements of the quadrivalent are distributed equally between the 
' two poles but the two large middle elements showes frequently a chromosome 
bridge. 

At the meios's of haploid N. Langsdorffii, Kostoff (1930, 1938, 1941) observed 
one, two or three groups of two chromosomes in close proximity (secondary associa- 
tion) during the first metaphase, and occasionally one, rarely two and more rarely 
three bivalents during the first metaphase and_ early. anaphase. Accordingly, he as- 
sumed that the basic chromosome number of the ancestral plant of the genus Nico- 
tiana might have been six. My observations also suggest that the basic chromosome 
number of this genus is lower than 9. 
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Kanzo SHIBATA: Karyotype Analysis on Some Forage Grasses. 
1956 42 1 AE26 AS 


See (i Lolium perenne L. (Perenial rye gra- ES, FSEL RE MNGMIED AV bh, Ailes 
ss), L. multiflorum Lam, (Italan rye grass), Ole BE AKL Tiio & Levan (1950) DAK 
L. temulentum L. (F 7 4), Arrhenatherum Fe LIED bink., Blt 22~24° 
elatius (Linn.) Mert. et Koch. (Tall oat grass) C WZ4svxc 0.002 mol. ® 8—Oxy-quinoline 
Reus Sorghum vulgare L.var sudanese Piper. AKVAHRIT 3 Helilte L, 3047 KNRZKCAYEL, Hee 
(Sudan grass) © 3/5 fA MEOW CHD Tra—-n (1:3) GABLE, Warmke (193 
FP Oio TOMBE CKRETS 0 5) OBE CHET, 45 [MRC L 

APRICHALEMBOMR, FI ATILIRE ES 724%, Aceto-orceine Gis LOSLK, BHO 
SBR RAT RARE ORD L OPEL REEF db LAS (1943) KH LOK 
FAV, (HD 4 HEEFT (LR O BEBE XO We ao # 


AURMER BOR, Nb OF Ye CUR 1. Perenial rye grass. Lolium perenne L. 


* SR eSe RY EAD (Mobara Branch, Tokyo Agricultural University, Mobala, Chiba Pref., 
Japan.) ‘ 


ih 


166 fa in FE 

ARE Zefa fee 1 D\>+C Katayama (1929), 
Kattermann (1930), Nakajima (1930), Moriya 
& Kondo (1950) Ju‘ Takizawa (1952) (k »=7, 
Evans (1926) 2vU‘ Nilsson (1933) (k 2n=14, 
Peto (1934) (i n=7, 2n=14 EMBULTW So 

eH LRM O BRM 2n=14 ERUELKO 
CHS 14HOPEARITOBRLORE 26TH 
MEMS SOCEM H HK}. MBRAY 1 wilt 
median 7FAMHSLOCWS. KO 1 Wk sub- 
median (7 7G#AA 6 5, RM ZNCHIRRA 
RAL B38 median CHAAR ELOTY 
Bo CHE OPM /PRV-A 450k submedian (c 
BARS 6, RBMIKtNTNIRRELAL, 
#35 xf(k submedian ic, 4 6 RUSE /DD 1st 
(LEN Fh submedian CHAR 4OTWS 
(Fig.1), BABWNIIKROKRCHHENSd 

K(2n}=14=2A™+ 2., AS™4+2BP + 
2cs Be 2C ea 2C xt + 20st 

2. Italian rye grass. Lolium multiflorum 

Lam. 

ATED BofA RIT» Jenkin (1924) Us Av- 
dulor (1928.1931) (% 2n=14 L#HSLCWS, 

Fb AO RB AM Wn=14 LRHELKS 
CAVb 14D Fei LOBRURE 8b 7H 
KRIS So LDH HRS. MS RKO lait 


Figs. 
yy s 
oh r) 8 
ie t 
Xx g sdf, aay Ji e 
hd of d ty d 
Ste. i crane 
» f 
A ene Fo 
a d ys q dR 
Os, a4 Beko f Pa 
o*, PR 


$69 A HS 813 Wag 81 4A 3 A 
submedian (C#H#Me LOTS ROILWSG 
submedian CHARM 4S, RBWKtNTH— 
RRB AL, BSxtit median ic, HB 4xfit 
submedian (CARR ELOCTWS. THLYOH 
piZ/PSVH 5 lk submedian WHAM eS 
b, BBICtTHENIKRELAL, BE Mls 
submedian (X, #/hO1%*(k subterminal (c7§ 
HAR LOTUS (Fig. 2), KAR KOK CRD 
Si4o0 

K(2n)=14=2A§™ +2. a +2B™+ 

2Psm +2cs Bsm+2Csm+2Cst 

3. FAL Lolium temulentum L. 

AOA PRITOV»T Jenkin (1924) (k 2n= 
14 EMH LTWS, 

SE 4 RO Bea pe 2n=14 LRELKO 
CHEU4GOLEARITOBRURE 267TH 
RAST So LA” HRS. MS RAOI ML 
median X, KO1X%f(k submedian Ic, #3 x 
(t subterminal , #8 4xf(t median (<, 
VSS 5 F(X submedian ic; 4 6 WlE sub- 
terminal |<, i/)\O 1 X(t median ICIFAReS 
DOWD (Fig. 3). LMILROKRCHHD ENS, 

K(2n)=14=2AP+42A5™4+2As™4+2Am 

+2Bs™+2Bst4+2Cm 


Figs. 1~5. Somatic nuclear plates in the root tip cells, treated in an aqueous solution of 0.002 


mol/! 8-Oxyquinoline for 3 hours and stained with acetic-orcein., 


multiflorum. 3. L. temulentum. 


sudanese. Ca. x 950 


4. Arrhenatherum elatius. 


1. Lolium perenne. 2. L. 


5. Sorghum vulgare var. 


4 


March 1956 


4, Tall oau grass. Arrhenatherum elatius 
(Linn.) Mert. et Koch. 

AHA WOAE (COV Aase & Powers (19 
26), Nakajima (1931) Rute (1952) (x n= 
14, Kattermann (1930) ut Avduloy (1931) 
(h 2n=28 CHELTCTS. 

Se 4 HRD © 3 PRA R 2n=28 LIREL 
Ro CHS2fOREKLtOBRUKES SO 
OPAC BIT Se EDHILSD. MOBRMAO 4 fl 
(i submedian (c, KO 1 xf ikmedeianic HAAR 
hOCWS, 43 O1 Mit submedian ic PHL 
RE6, BBICtNTNORRELATS., 4 
OR median cHARe LOCOS, THE 
b (BD IC/) S55 5 O 1 K(X submedian [cK 
Ret b, BICAWOMNMALATS. BED 
4 f(x submedian (<, 437 0O1%*(= median 
ic, B8O4fAlz submedian ICHARe LOT 
WS MONE YV/PSWH IM 134hlk median 
BARe Sb, BBC TN TNIKRA RAT 
A, RPO 4 A(t median CHAR LOC 
S (Fig.4). BANILKOKRCRD SNS. 

K(2n)=28=4A§™ + 2Am + 2csAsm4+2Am 

+2t Bem +4Bsm + 2Bm+-4Bem 4 2csCm + 

4cp 

5. Sudan grass. Sorghum vulgare L. var. 

sudanese Piper. 

AHO RE ARRILBAIC KD 2n=20 die 
Sinko Carb 20 OAH AILAGd 4 HOB 
PRE ODS 0 THOEXEDERURE Sdrb 6 
MAIC RE SNS. MSRAOIM(X submedian 
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CBRRE SD, BWMICTN TH HSV MER 

BTS. RO1RWMIX median ic, M301 Hit 

submedian (c, #4O6(h, BOO WKOR 

JDO 6 (Atk median ICHFRARRLOCWS (Fig 

So HMMILKOXCRHDENS. 
K(2n)=20=2, A§™+ 2B™+2Bs™ +4 6Bm 
+280 60% 


s 4 

Lolium JRO 3ffliu.tnd4 2n=14 Ch), 
t OMB S X<UTWOSo COMP L. perenne 
RO L. multiflorum (PAAR Ch b, LL. 
temulentum (t RAP ANN AME — © AA 
G4. Jenkin (1924, 1931, 1934) (k L, temul- 
entum & L. perenne kev L. multiflorum & (x 
Section 4BIICL, ENKXL, L. multiflorum 
(x L. perenne LBRBIZTTNS Clik <, L. per- 
enne D—ZEhH iL, L. perenne var. multiflorum 
EDMINAS CHE LmMUK, BHOMMDHT DP 
ERLE OCLC L. perenne & L. multiflorum 
EMILE OMIM TEC EDO CAF 
OPRLHSOD, CnlrsMHcectT~sHOLOC 
(tie ¢, Jekin DHX ORY4MLERATSL OC 
bBo CHICKL, L. temulentum (t EURO 2 
HME SOPANTAW TAU ROTCHEO, Biitk 
BA tRISFA 4 4 OL BdNS, 

Sudan grass (Sorghum vulgare var. sudanese) 
lk Huskins & Smith (1932) ku Ae 
(1936) 2% Sorghum vulgare CT DI?-FAKOV’ 
REVBLIC OVC OFA LIE S—-RT So 


Résumé 


1) The chromosome numbers and morphologies were studied in the species of 
Lolium, one species of Arrhenatherum and one species of Sorghum. 


2) The karyotype formulae were as follows: 


Lolium perenne K(2n)=14=2AP+2,5 A$ sm 2Bm +2,<Bsm-49Cem 4904-103 


Shes multiflorum 
L. temulentum 


Arrhenatherum elatius 


K2(2)=1452A§™ +25 Ag™+2BM+2B5™ + +2,sB3m +2C5™ + 2C$t 
K(2n)=14=2AP+2A5™+2A$t+2Am+2B9"+2B3t-+2Cm 
K(2n)=28=4A9™ +2AM+2sAsm4+2Am+2t Bem 


4Bs™ +4 2BP 4.4B,sm 4 9csCm 440m 


Sorghum vulgare var. sudanese K(2n)=20=2, AfM+2BP+2Bs™+6Br+2Bm+6Cm 


168 tt ® 2 ME BH 69% 813 SB Hae 31 42 3° 
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Ve KR BRR PAS 


ACEEKIC, A BRRRECES 2 HIRST SFM ICO Clk, DCPS ABC MMCPHLELEAS 
FEN SABLA RASA bOAMMKICMF SAH lGALRELELEOG, KROMAC LOCH 
SeEIOAS, NMASLABLCHMITSc LITREORLELK MK ¢ SBHBRORRY KRVLET. 


Hike A A AB 403 15F190 A258 
i Hoe 1508 
HACIA AR314E6 A308 
HALO WAAL 


TAX TARED — BTA ITIEF S 9 
te Sei Ge7r LOD = 5 49 ETDS, CR PED Fz, > fia ERE GO RASH LES, 


A mR BE PAS 


WEBKIA fis iF ARO REIS Pe OTD A RBA IORS ICOW Clk, AME 2 AL MOMMA RAS AO 
RTFBARIC I CAMMICK L 10 FAOBWNAWME SHOT, 2A IAMEBRSIROC, Aly 
MEnSLO- APRS ELC, AK SAD ORME HE LC, #9150 ROMARSE MIT SO LICPEL 
Tes : 
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Ni BES CBS SEMEN He (ID 
BASED TIRES 


CORD PIARU— BOLE: FEC ASFHSS65%4200—208H (195248) 1c BAKE ADORE L Pt 
EE OREM EH, S18 MEME IERLEDS, C CICA 2~6 MLL CEMA, RESELL 
ACIDIC BUBPLE UCHEL RAWAL ST), WARBUIC TS & OFFS, 195044119 4 A HURIC Is 
GORC BBC LICH SNKEAMTORFSEAAIMT Lt HGRA KC LOCHRS 
ROBATEBC UCRREED, BICCHEHBUSRAK MiLCHRERDC RAW BE LEOT o 
CM bOROM, PALIT 195242 10H ZAR RORIC VC, HOUT 19532 10H OH SRO BT 
PURE tte. MIRO AHICM L CIR, FCI LAMTCNO BO LOMLBELT Sc LEMS, 
SrBPT CHHBOSRSAAHSOLAS 1951429 A244 MOA CRBSHKOG UFLIS<M—cith 
Wo FEMIIC EAL TILZNTNOBO NLA BIR SNR 

PHC LOCI, AOL OBCHROCWS ROSRR KREBS LC IEMA LE LELOXEAT 
So FFYMMILIF YMLSNKY) ye BE RLBSLTSHAC MLTR, BAN SS 
SSS 3S (195342) IC HK ANK OFF YOR WI HIL(B)s WOW CHSROACHB RH, F 
1 SS RESCHLDRASR, SPHOCRHTZCLLL, BRACES, ANA GRIEG, BE 
fal DSB SH CORBARAO CAME AHBLKRE, 1955 #10412 HKBOSC EMO DFR 
F((@® WBASORE CHM SH, HRShkK. CHK LICKRKORED BRAD MBE Leo 
4 OBBALD 5 ph ENF Ly RA EP TICHROs2 LFA (Hi: Polyblepharis ##AVaFUA YX 
E94) CLIO SF VBR BO SBE OSRITHA I LD Ch4Pb, SKIL ORK 5 
NF4LOMELAN RO, EOMADHENICMT Shree GRE GLERMILE ITU Zr VALES)o&& 
$UiMORCBWC, AGRE MAAR ICEL EF < BACCO CL, CORD Hie b Hite oO FRI 
PE, CO EDBBRBENKOSG, CHES CLL (fl: Chantransiaceae (Ly~ yb FY Y TF), 

FORA, ALOELRMODRHOZ PR OMNIS HRICTEOK4LO GC, RHO WIR LHOKLOD 
GIL. BROFFYBOCLEKRAOMRLRORLOGLEOAS, HAAN KAAAS 0, HOLD 
BPOBROME & BRB SIC Z GENIE LURE ITTES LHI LR BOW LMAO, BIA 
WRG ODV CH Lo FT VPROAMICME 1 TOMBOMBL CHS OAMAMBA—-OZBSHDL 
AICMHOCW SAO, 2 OV LCHSL Ol 2 BAOLOBMARAOIVI LALO CHS. 

4% b (CPSVERIG EEO HMI LCBEEBHA SANKAR RYAOREPEAOD~, “DEG 
BONA te LY OFVMNCOV CRBS BRIBE iN DBRS LO BBA S Sie ER O FH x 
CML CRASS. CHW faa) 


B2sR = we Hw 


JL: 1. APRS 1 BB RAPEREICIE CDS, P/OMVI(X Engler-Diels: Syllabus 11 jig (1936) Ick 
De, A4BARMH/IEE— Che A), FIRE, TS Ch So 
2. *EPeI LES OI, FCTOEOD *HORVAERICDALT 2 AAERBDAZGERRT 


Equisetaceae hb 7 ¥ Psilotaceae ~YAXFY 
Lycopodiaceae EDF IAXKF, EAFIANYS Isoetaceae 2X27, 2Y=F7 
Selaginellaceae 7VERN, Frter Ophioglossaceae “7-7 AY 
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* Botrychiaceae -.+ 77" 

* Helminthostachyaceae = VA2Y7oFTVZFE 
YVayey &4 (KB) 

Yarey 24 (FRE) 
Osmundaceae y+ 


Marattiaceae 


* Angiopteridaceae 


Schizaeaceae Fey xX 

* Lygodiaceae = 7% 
Gleicheniaceae YFYr 
Hymenophyllaceae 277/77 
Cyatheaceae ~2 

* Dicksoniaceae XATFL 
Dipteridaceae VFUYUAVYITHRyY 
Polypodiaceae Y7RY 


HSB 


69 4 #8 813 = 


Hf 31 4 3 4 


* Aspidiaceae AY, FY 

* Aspleniaceae Fyre vy Fk 

VYRYF 

* Cheilopleuriaceae AYE bk YX, AFE b YN 


* Blechnaceae 

* Davalliaceae 477 

* Plagiogyriaceae *#YI7AY EH, FYIFIVE 

* Pteridaceae VFL 

* Vittariaceae yvyruTF7y 

Parkeriaceae (Ceratopteridaceae) 2s x~AV77¥, 
SYVTFE 

Marsileaceae FYYVY, FYYVY 

Salviniaceae tyyvaVt, FyYuLVA 


* Azollaceae Faux DH 


3 


Al: 1. BHEONZORRIMRTATEChHORAG, SHH AB LROD+ZC LETS 
BEChHADbo>BE 4 OIMAITELE LOLS ROTHER SILEKM SNORE CHS, 
2. FORMATO TIL AMlt Evans (1939) PABSLLCSVOGERMZ, RRR ELLC 


Brotherus (1924, 1925) ICkOK, 


3. HA4BRUHITSHE IRS, BOW CH ODS EAM MEDAIC ROK, 


Ss pa: 
Haplomitriaceae azw~Fa7 
Ptilidiaceae FX RIT 
Lepidoziaceae AF32T 
FR 
Cephaloziaceae -~x427 


Calypogeiaceae 


Cephaloziellaceae ays A~ay 
Harpanthaceae YWrawry 
AR TAH 
Marsupellaceae 3 vox 


Jungermanniaceae 


Plagiochilaceae +. % 3° 
Scapaniaceae & 47 2 
Schistochilaceae 4-y 2 2°77 
Madothecaceae 2Iv~ITE KH 
*Goebeliellaceae 7—-NYrzZay 
Radulaceae 7YIaAT 
Pleuroziaceae 2s XA7ERH, oY tyre Ke 
Frullaniaceae -~2yxa7 
Ue a 
kR47t7 


Fossombroniaceae YWra+v=a3r7 


Lejeuneaceae 


Treubiaceae 


Blasiaceae YAxvaatr 


Pelliaceae 3s X4=a527, sya rr 
Makinoaceae +~47 27 
Pallaviciniaceae FEV AAT 
Metzgeriaceae 7Rr RIT 
Riccardiaceae ~AYWT, ~AFAT 
*Monocleaceae SS AHIWT 
Marchantiaceae +=2°F7 
Rebouliaceae YyHRRIT, Fy HAT 
*Sauteriaceae Furyher=aar 
Targioniaceae Fyety+tary 
Corsiniaceae += 272K 
Ricciaceae YW 437 
*Sphaerocarpaceae yy 3° air 


Anthocerotaceae Y 7 37 


RE <A 


Sphagnaceae 2X47, sya7 
Andreaeaceae  7v a 

Fissidentaceae KYAYIT, RYDY IH 
Archidiaceae YF nbs eas 
Ditrichaceae +yy>7 

Bryoxiphiaceae =e wy 


ae 
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*Seligeriaceae ayy a7 
Dicranaceae »y»#a7 
Pleurophascaceae Yy4ey a7 
Leucobryaceae 29H 
Calymperaceae AXYv ay 
Encalyptaceae -~ VAY 
Pottiaceae ty Hy ry 
Grimmiaceae HVAT, NY YTS 
Disceliaceae 2 Ur ay 
Ephemeraceae AY AY 327 
Funariaceae ta¥ky2y7, ~vVayrtr7 
Oedipodiaceae v 7vu 327 
Splachnaceae +r x4 27 
Schistostegaceae EWUIY 
Georgiaceae 2 YN37 
Bryaceae Awa 
Mniaceae FaYFY 27, FYUFY TT 
Rhizogoniaceae t 7427 
*Hypnodendraceae +X 7-27 
Aulacomniaceae +t £27 
Bartramiaceae X32 
*Spiridentaceae +7 RVYVAY IT 
Erpodiaceae EF VAT BT, EFDHEDT 
Ptychomitriaceae FFUIT 
Orthotrichaceae *#FE KIT 
Rhacopilaceae 2% 277 
Fontinalaceae AVAT, ArntT 
Climaciaceae ~yAY77 
Hedwigiaceae te Y+>a7 
Cryphaeaceae Ya3a7 


#4 B 
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Leucodontaceae 4 #F 37 
*Ptychomniaceae AY 4 RFI, AL {RF IY 
*Prionodontaceaae #4 VYbhF/V FIT, # 

Annee, Aetea ia 

Trachypodaceae Ay +347 

Myuriaceae +#U 27, Fray 

Pterobryaceae t av ay 

Meteoriaceae s~{eE EAT, vnCL EDS 
*Phyllogoniaceae 77547 

Neckeraceae t 7 a7 

Lembophyllaceae 77447, KF 774 

Hookeriaceae FHS 3 

Symphyodontaceae vw =347 

Leucomiaceae #Y Ny ty 

Hypopterygiaceae %yy73a7 

Theliaceae EY as 

Fabroniaceae 227 A2Arrzy 

Leskeaceae YAYu IF 

Thuidiaceae yr7oary 

Amblystegiaceae ~++¥27 

Brachytheciaceae FART, FIFI 

Entodontaceae’ Y-~ 27 

Plagiotheciaceae +7727 

Sematophyllaceae yy Ry ay 

Hypnaceae 427, sewer 

Rhytidiaceae 74eay 

Hylocomiaceae -tEayar7 

Buxbaumiaceae 4-47 277 

Diphysciaceae 4 7¥ 27 

Polytrichaceae ~¥ 27 


ba 


JL@l: 1. 4 SRORVIO WER (tHe ELE & Lc Fritsch: The structure and reproduction of the 
algae, I-II iwl< Smith: Manual of phycolozgy JZ kOK, 

2. FOS < HOROKEO), 1, BSS ROBRSEEC BROW AILAW KR 4 OW < Tero 

3. ZEA PIOI YBa Ws BA), ARE, NSSF, KA, AWGSASe, RUNES, 


APM, MAB—- Cho. 


Chlamydomonadaceae 7YF2ZFEFA 
Sphaerellaceae “~7y7=UF 

Volvocaceae AAEFTIYV, ARE ee) 
Polyblepharidaceae HY PUVU7SVA 


Phacotaceae 7ra2VA% 
Tetrasporaceae 2 YR 
Palmellaceae 7 x7 
Chlorodendraceae %rvFyYFrY 


Chlorococcaceae 27RVAyFA 
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Chlorellaceae 7RUZ 

Oocystaceae 7A—-+ AFA 
Selenastraceae te UFAhLA 
Hydrodictyaceae Fs 3 FP 
Coelastraceae 2=7AhWA 
Ulotrichaceae EU EF 
Microsporaceae = 7V AF 
Cylindrocapsaceae + VYFR ATH 
Sphaeropleaceae 3272 
Ulvaceae FAY, FI 
Monostromataceae Eh=YY, ERAT YH 
Prasiolaceae A77V, A»7 V 
Cladophoraceae vATY, YVRTIV 
Chaetophoraceae BA=h7z#T 
Trentepohliaceae ASU 
Coleochaetaceae 2U7A ATT 
Pleurococcaceae FUYUAyTZ7A 
Oedogoniaceae #yi Fr 
Mesotaeniaceae AY RT=aAVA 
Zygnemataceae #AYSFR 
Mougeotiaceae EFAY, EVFTY 
Gonatozygaceae PHehY wy 
Desmidiaceae + Y 
Protosiphonaceae Fuhky7#y 
Derbesiaceae Ya27%4h 
Caulerpaceae 47, 4>°YR 
Bryopsidaceae >" 

Dasycladaceae AY YV 

Codiaceae = 7 

Valoniaceae Vv =7 
Siphonocladiaceae ~H XE 
Boodleaceae FAEYY, VID 
Anadyomenaceae YXAVYY, VFAVYY 
Phyllosiphonaceae 74 Y7#Y 
Vaucheriaceae Forty kr 
Characeae yyY7t, veF TE 


RS 
Tribonemataceae hkUAAY 


Botrydiaceae 7FYUryt 


EAY EA 
Chromulinaceae EW V+ 


Hydruraceae 3X7, sv7 


sf 69 4 8 813 = 


Hg 31 4 3 A 


Discaceae PEIATAVY,7F7EIATAVY 

Soleniaceae YYARTAIV,IVHATAVY 

Biddulphiaceae 44+*747V, 4h2T*#T 
AVY 

Rutilariaceae ~F7 VT 

Fragilariaceae *7UYTTIY, *AETAVY 

Eunotiaceae =Y 7 +7 

Achnanthaceae YF7HtYTFA 

Naviculaceae »~4 7477, »ATAVY 

Epithemiaceae Sy iy ee 

Nitzschiaceae =»F7 


da HE Se EA 


Prorocentraceae Fru7FybrAA 
Dinophysiaceae YVI7ZYA 
Gymnodiniaceae ~¥AVY=a VA 
Noctilucaceae Ya2YVF3Y7, V7IVYFavY 
Peridiniaceae ~VY=VA 


Ceratiaceae Y7 

=FYAYH 
Euglenaceae = F YAY 

m = 
Ectocarpaceae yt FP, yRE FR 
Sphacelariaceae 7uAyF 
Cutleriaceae AF 
Tilopteridaceae FryF IA 


TSvV7. 7 2s Fs 
Myrionemataceae = VARY 


Dictyotaceae 


Elachistaceae +3 ~7F 
Leathesiaceae #%>< J = y 
Ralfsiaceae 4VYR77, {VHNF 
Heterochordariaceae ~ Y= 

Chordariaceae FWTIE 

Myriocladiaceae v= 
Acrothrichaceae =x 7, at Ley > ; 
Stilophoraceae tL tx~YF 
Spermatochnaceae €xX y » TZ. 
S porochnaceae T2% & 


“ 


Desmarestiaceae . Y 7 » Y : oo an 


Punctariaceae (ye Fe 


cae 
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Asperococcaceae 2ty77u 
Striariaceae’ 32a2Ywsy 
Scytosiphonaceae wvyt7 
Coilodesmaceae = yY7 71: 
Chnoosporaceae AFFF Y 
Ishigeaceae 477 
Dictyosiphonaceae 74 +a V4, Y2t4~ VE 
Chordaceae Yr 
Laminariaceae ay7 
Lessoniaceae Vyy =7 
Alariaceae 74 v 

Fucaceae t <~X 
Cystoseiraceae Yar ty 


Sargassaceae HY KVF, kY KF 


fl = 


Porphyridiaceae #*7 VY € 
Goniotrichaceae ~=: Fv 
Phragmonemataceae 7FV7TtRY 
Bangiaceae. Yu77 VY 
Erythropeltidaceae 4 7+ 
Compsopogonaceae 242474 y 
Chantransiaceae yyy hFvv7 
Batrachospermaceae AVERT, A»EVYID 
Helminthocladiaceae ~=€ZX7, ~a=tV7 
mhoreaceae FAV ZU, FAG 7 
Bonnemaisoniaceae AY 77 V 
Chaetangiaceae WIFWF 

Gelidiaceae Fy 7 

Dumontiaceae YVaVtYVY, V_~VtEYYY 
Rhizophyllidaceae += 7 >> 7 
Squamariaceae 4777 Pl Sw Aes. 
Corallinaceae ty 24 , 

Grateloupiaceae AAFTY ~ 
Gloiosiphoniaceae 4b 7 2 : 

Endocladiaceae 7 7 Y 


5k wi 
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Tichocarpaceae AYUAY HF 
Callymeniaceae YAW? V 
Calosiphoniaceae x %9 7% 
Nemastomaceae EAT 4b 
Sebdeniaceae 7AAAFT H 
Furcellariaceae AA AT= 
Solieriaceae = UY 

Rhabdoniaceae 4Yt€yH, 1VYEAMy 
Rhodophyllidaceae wp PF7,Z,VA 
Hypneaceae 477 9 

Plocamiaceae +7 Y 

Sphaerococcaceae 4+Y74, *¥YITF 
Sarcodiaceae 7¥ Y>7 V 

Gracilariaceae 7 2°7 V 

Phyllophoraceae 7+ Y7 9 
Gigartinaceae AxYT7 VY 

Rhodymeniaceae XA 

Champiaceae VYFFIVY, VIFFHY 
Ceramiaceae 44% 

Delesseriaceae 277.7 V 
Dasyaceae YT 


Rhodomelaceae VFVY+Yt, FFVVE 


= R 


Chroococcaceae FeuAAwFA 
Cyanidiaceae 4722252 
Dermocarpaceae FAN 
Chamaesiphonaceae DAVEY I#y 
Pleurocapsaceae PUYH ATH 
Oscillatoriaceae 2U 
Nostocaceae AYY2€ 
Rivulariaceae t& 7 
Scytonemataceae AY AY 
Brachytrichiaceae 745 FY, F3s PY 
Capsosiraceae AVF YYZ 


Stigonemataceae AF TRY 


FLO: 1. BRA ROWMICSEOCIL, /MAREMEDIIEEA 2 te 0, RRS CRE O< 0, KC 
HAMS RLSSAORAEBN COIL, BICOL C, Cs ARMAS RINSE 
OCHS. HMMA CORRAL SER (AILILK), FARIA INR), OFEEAICP MILA), 
JF (SLU. SERA, SAREE), TRIER EP (HAIL) “CS 0 

2. BEDOYA F ARHHEAYV ES BBC SOOT, COCOA (Ay BTS &O 


174 ii wm 2 MU HB BOA B8BISE 


Wiens oem 


Hf 31 4 3 A 


3. FES “OOMEFL LRA ADVEDSFTSSA, TOG (LHISK DBR b PRU CRI RR LKR 

4, KAA BICMOCWS LOOPC, HER ROBB ie 4 OILGMT HS 

5. PRAIA YASRA Lio, MRAP E LCHELRE DEChHS2;, HAE 5 
WO— Mat LCHHRTS. COMPICBL CITA COREBIT Ko 


Rit ww 


Amaurochaetaceae *7rVV ATT 
Arcyriaceae FU VT 
Ceratiomyxaceae 77FALS7H 
Collodermaceae 277-7 
Didymiaceae YY SVs 
Heterodermaceae ~7V FIT 
Liceaceae YF 
Lycogalaceae YaAHWF 
*Margaritaceae +1) x 
Physaraceae 7S 
Reticulariaceae VUFV7VTF 
Stemonitaceae A~AFE=FA 
Trichiaceae FYA*T 


Tubulinaceae YFVF 


=m HR 


Plasmodiophoraceae 7VFACYATHF 
Olpidiaceae YHAAL 

Synchytriaceae FULEIYHAY 
Monoblepharidaceae £77 U77UA% 
Saprolegniaceae ¢ aH Be Sy 
Pythiaceae YFYA 

Peronosporaceae yune 

Albuginaceae vo ¥rryy 

Mucoraceae 7AY 

Pilobolaceae sXR2v~AL, SY RAL 


Entomophthoraceae 2H, NADL 


F & mi th 


Saccharomycetaceae. HyHv s7% 
Taphrinaceae #7 V7 

Aspergillaceae a2 Y YD, AYFAYL 
Monascaceae X= 2YYHU, NaADVFDY 
Erysiphaceae VY KFya2ave 

Hypocreaceae = 7¥4%y 

Clavicipitaceae XyAPHeY, KPHDXY 


Sphaeriaceae AZFyrVT 
Xylariaceae +~rVV AT 
Dermateaceae ~Y¥ 27 
Helotiaceae ~vFtws 
Sclerotiniaceae +yYaA7*rY 
Bulgariaceae TART 
Geoglossaceae FYUASI AVIA 
Pyronemataceae ER HY 
Pezizaceae F~VYRT 
Helvellaceae 2ZHVVaSaVRT 
Eutuberaceae #4 ¥vY 
Laboulbeniaceae FAW X=7 


iF i 


Melampsoraceae 27YFVFH¥EXY 

Pucciniaceae #eAy 

Ustilaginaceae Fr #¥vy 

Tilletiaceae #+#¥7ARIV HY 

Dacrymycetaceae “= 777 

Tremellaceae ypr+777 

Auriculariaceae 4+ 777 

Septobasidiaceae ty NUYavaey, EvHRYL 
vy sip 

Exobasidiaceae Fav + Y, EF eYV XY 

Hypochnaceae FAVKRT, PYVRRT 

Thelephoraceae 4:42 27 

Clavariaceae AYVART, NYRI 

Hydnaceae -.) x7 

Polyporaceae #urvyayvary 

Agaricaceae ~Y xX 

Rhizopogonaceae yavu 

Phallaceae AyRyY RI 

Clathraceae AamRY 

Lycoperdaceae 2) xX 

Geastraceae t A YF YY 

Sclerodermataceae =tyaWvr 


' Astraeaceae YF y 


Nidulariaceae ++ x4 237 
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FS BA 


Melanconiaceae 2Fya=7T 
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a-Glucosidases of Candida tropicalis var. japonica 


by Teruo SAWAI* 


WIFE : Candida tropicalis var. japonica © a-7 XA AVF-—¥ 
Received November 11, 1955 


Candida tropicalis var. japonica is a sttain of the wild yeast, which was isolated 
in 1942 by Hoshino from a soil wet with sulfite waste liquor. At that time Yamaguchi 
(1) named this yeast Mycotorula japonica var. K. H., but recently Kobayashi (25s 
proposed to rename it as mentioned according to Lodder and Kreger-Van Rij’s ne’ - 
nomenclature of the yeast (3). As this yeast possesses strong ability to util} 


xylose, several studies have so far been made with regard to the yeast manufac 
using sulfite waste liquor (4, 5, 6). As to the enzyme of this yeast a stu 
amylase was made by Yamaguchi (7), that of xylokinase by Sawai (8), an 
another strain of C. tropicalis that of trehalase by Lukes and Phaff (9; 
present author attempted to investigate other carbohydrases of this yeas 
paper deals with the descriptions about the kinds and some properties of ¢ 
sidases which act upon four substrates: sucrose, maltose, methyl-a-glucosi 


trehalose. 


Methods 


The yeast was grown in a semisynthetic medium. Basal medium contain 
liter (distilled water + tap water, 9:1) 6 gr. of (NH,).SQ,, 2 gr. of _KH2PC 
gr. of MgSO,-7H20, 0.3 gr. of CaCle-2H,O0 and 30 ml. of yeast extract. 100 ml 
ml. of this solution were given to 500 ml. flasks, sterilized, and added with 
source (sucrose, methyl-a-glucoside, dextrin, starch, mannose or mannitol) in tl 
of aqueous solution which had been separately sterilized so as to make 4 to 
cent in the final medium. The flasks, after inoculation with the yeast whic! 
been precultured in the same medium containing glucose, were shaken for two 
in an incubator at 30°. The cells were harvested by centrifugation and we 
twice with distilled water. 

Three different sorts of enzyme preparation were used for the experiments, wl 
were prepared as follows. (a) The washed cells were treated with chilled acetc 
and dried iz vacuo over P20;. The dried cells thus obtained were suspended 
distilled water — unless otherwise stated, 0.30 gr. in 60 ml. water — and ke 
overnight in a refrigerator. This was designated as “dry cell suspension”. 
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preliminary experiments showed that the activity of each a-glucosidase of this yeast 
varied remarkably depending on the carbon source of the culture media, various 
samples of the dry cell suspensions which had been obtained with different carbon 
sources were used. (b) The washed cell paste was mixed about 5 per cent its weight 
of toluene and 0.3 to 0.5 per cent of (NH,)2HPO,, autolyzed overnight at 25° or B0es 
and after dilution with distilled water, kept overnight in a refrigerator. The 
autolyzate was centrifuged and the supernatant liquid, having been cleared by 
filtration, was dialyzed overnight in a cellophane bag against diluted buffer of pH 
4.0 or 6.6 in the cold. This was designated as “autolyzate”. (c) The autolyzate 
was treated with alumina gel B at pH 5.5 to 5.8 and the enzyme was eluted with 
1 per cent solution of (NH,)2HPO,. This eluate designated as “B-eluate”. For pH 
adjustment of these enzyme solutions 0.5 N NH,OH or acetic acid was used. All 
these enzyme preparations contained no fermentation system for glucose. 

Methyl-a-glucoside was synthesized in our laboratory. Methyl-@-h-fructoside 


prepared with the aid of the transfructosidase activity of yeast invertase (10). 
substrates — sucrose, maltose, raffinose and trehalose — were the commercial 
ts of the reagent grade. 

> reaction mixture consisted of 1 ml. of substrate solution (final concentration, 
, 1 ml. of HCl—citrate or phosphate-citrate buffer solution and 2 ml. of 
solution. The reaction vessels were incubated at 30° with occasional shaking. 
uitable lapse of time the enzyme action was stopped by the addition of 4 ml. 
1. of 2 per cent sodium carbonate solution and the increase in the reducing 
was determined by the Somogyi’s improved method (11). The percentage of 
drolysis was obtained from the graphs constructed beforehand with each sugar. 
zyme activity was expressed in terms of the velocity constant (k) of the 
order reaction, calculated with minutes as the time unit. 


Results 


Neutral a-glucosidase group. The dry cell suspension obtained from the 
eS grown with sucrose as carbon source hydrolyzed sucrose, maltose and methyl- 
coside with the optimum pH of 6.1 to 6.6 (Fig. 1). This figure shows that 
pH 4.0 this dry cell suspension acted upon none of these substrates. The 
mes containd in this suspension were found to be relatively labile, their activity 
g nearly lost by keeping the suspension overnight at pH 4.0 and at 30°. For 
purpose of determining whether or not the enzyme which hydrolyzed sucrose 
timally at pH 6.6 was @-h-fructosidase, the behavior of this enzyme toward 
ffinose and methyl-@-h-fructoside together with ‘sucrose was examined using a 
eluate of high activity obtained by alumina gel adsorption. The results are 
resented in Fig. 2, which shows that raffinose and @-h-fructoside remained quite 
ffected even after sucrose was completely cleaved, Hence it appears likely that 
enzyme hydrolyzing sucrose of this yeast may not be a 8-h-fructosidase but an 
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Fig. 1. Activity-pH-curves of the dry cell suspension obtained from the cells 
grown in a sucrose medium for the hydrolysis of sucrose (Q), maltose 
(@) and methyl-a-glucoside (A). Period of incubation: 180 min. 
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Fig. 2. Time-course of the hydrolysis of sucrose (QO), raffinose (Mf) and 
methyl-6-h-fructoside ([_]) at pH 6.5 by the B-eluate obtained from 
the cells grown in a sucrose medium. 


a-glucosidase. 
In order to make clear whether one and the same enzyme is responsible for the 


hydrolysis of sucrose, maltose and methyl-a-glucoside or several specific enzymes 
are concerned, activity ratios toward these substrates were examined using a dry 
cell suspension and two kinds of autolyzates. The results are summarized in Table 
1, which shows that the ratios of activity toward three substrates fluctuate quite 
irregularly. This fact might suggest that at least three kinds of the a-glucosidases 
would be involved in the hydrolysis of these substrates, but it is. obscure whether 
or not each enzyme is responsible respectively for the hydrolysis of a single substrate. 
Accordingly they were referred to collectively as neutral a-glucosidase group. 
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Table 1, Activity of the neutral «-glucosidase group for the hydrolysis of 
sucrose, maltose and methyl-«-glucoside. As enzyme a dry cell 
suspension and two autolyzates were used which were obtained from 
the cells grown in a sucrose medium. The autolyzates were fraction- 
ated or partially inactivated as indicated. Reaction was carried 
out at pH 6.6 with sucrose and maltose and at pH 6.1 with methyl- 
«-gludoside. 


. a. Wes x, . Piper . * 
is eS Velocity constant, Activity ratio 
z Son ~~ Sup 104 +k 
se 
a Enzyme ? Nin e Sucrose | Maltose | Me-a-gl.| Sucrose | Maltose | Me-a-gl. 
preparaticn = 
1 Dry cell suspension 180 2.41 SV et 100 63 85 


Autolyzate untreated 120 20. 34 10.03 


(control) 11.89 100 49 58 


Autolyzate acidified 
2 to pH 4.0 and warmed 210 6.68 4.88 0.50 100 73 7 
at 30° for 40 min. 


Aqueous solution of 


the precipitate ob- 
tained by acetone 210 8.28 5.35 0.63 100 65 8 


treatment ** 


Autolyzate untreated | 
(control) 1080 3.49 | 3.99 0.59 100 114 14 


3 pA as a ge at | 1080 | 0.58 | 2.32 | 0.23 | 100 466 oo 


Aqueous solution of 
the precipitate ob- | 
tainedian bya tennin 1080 0.65 0.58 0.20 100 : 89 ) Sie 


treatment 


* Activity for sucrose was taken as 100. ‘ 
** Acetone treatment required 3.5 hours at room temperature. 


(2) Acid a-glucosidase. With any other carbon source than sucrose such as 
methyl-a-glucoside, maltose, dextrin, starch or mannitol, this Candida yeast produced 
in addition to the neutral a@-glucosidase group other enzymes which hydrolyzed 
maltose and methyl-a-glucoside optimally in more acid range. Fig. 3 shows the 
activity-pH-curves of the autolyzate obtained from the cultures in a dextrin medium 
for the hydrolysis of maltose and methyl-a-glucoside. The neutral a-glucosidases 
in the autolyzate had been destroyed by keeping it overnight at pH 4.0 and at 30°. 
It can be seen in Fig. 3 that for both substrates the optimum pH lies at about 4. 0, 
where the neutral a-glucosidases are inactive. These enzymes were found to be 
stable enough to retain their entire activity even if the cell suspension was kept 
overnight at pH 3.5 and at 30° in contrast with the neutral a-glucosidase group, — 
the activity of which was lost under these conditions (Table 2). The activity of 
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Fig. 3. Activity-pH-curves of the autolyzate obtained from the cells grown 
in a dextrin medium for the hydrolysis of maltose (@) and methyl- 
a-glucoside (A). The autolyzate was freed from neutral «-glucosidases. 
Period of incubation: 180 min. with maltose and 1200 min. with 
methyl-«-glucoside. 


Table 2. Stability in the acid medium of the a-glucosidase activity of the 
dry cell suspension obtaind from the cells grown in a dextrin 
medium. The activity for maltose and methyl-«-glucoside was 
measured at pH 4.0. Period of incubation: 240 min. with maltose 
and 1410 min. with methyl-«-glucoside. 


=e SS s j t 2 ante 
ee a ho Aas ta Relative activity * 

: Ss, = 

Le = 


ae a oe 
Dry cell suspension \ Maltose Me-«-gl. Maltose Me-«-gl. 


Control 3.16 0.14 100 100 


aE s ens a ce 3.31 0.15 104.7 107.1 


* Activity of the control suspension was taken as 100. 
these acid active enzymes toward sucrose was tested at pH 4.0 using an autolyzate 
of relatively high activity which was obtained from the cultures with dextrin. As 
illustrated in Fig. 4, however, sucrose was not attacked even after the ihcubation 
of 40 hours when maltose was almost completely hydrolyzed. These observations 
indicate that this Candia yeast does not produce such invertase as is contained in 
Saccharomyces yeast. 

In order to make clear whether or not maltose and methyl-a-glucoside were 
hydrolyzed by the one and the same acid active enzyme the ratios of activity 
toward these two substrates were examined using three kinds of dry cell suspensions 
-and one of the autclyzate. The results are summarized in Table 3, which shows 
that the activity ratios are almost constant among these enzyme preparations though 
the specific activity toward each substrate varied more or less considerably with 
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Fig. 4 Time-course of the hydrolysis of maltose (@), sucrose (©) and 
methyl-«-glucoside (A) at pH 4.0 by the autolyzate obtained from 
the cells grown in a dextrin medium. 


different enzyme preparations. Hence it appears likely that maltose and methyl- 


a-glucoside would be hydrolyzed by a single enzyme. This enzyme was thus 
named as acid a-glucosidase. 
Table 3. Activity of three different dry cell suspensions and of an autolyzate 
for the hydrolysis of maltose and methyl-a-glucoside at pH 4.0. 
The autolyzate was treated in two ways. 


Velocity 


C-source pert OF irs. Sup . | aed constant, merci 
used for ek Of gy ell Saray, mi 4) Oe | 
culture Gael a tre ~ Mer, : Maltose Me-a-gl. Maltose Me-a-gl.|Maltose Me-a- gl. 
Dextrid Dry bell sdssension | 0:5 | 480 | 1740 | 17.72] 068 | 100 | 8.4 
a ea eae | 0.83 | 480 | 1740 | 685 0.27 | 100 4.0 
Mannose Dry cell gapaneten | ae, | 480 1740 Vis. 0.045 100 3.9 
a Autolyzate untreated (control) | 180 1740 ay, 0. 27 100 Ei 
Dextrin | nutolyzatevheatediat, 45%for-d hour 180 | 1170 | 6.50 | 0.25 | 100 3.8 
Autolyzate heated at 60° for 1 hour 180 1170 3.19 0. 14 100 4.4 
* In the case of the dry cell suspensions the velocity constant was divided by er of dry 


cells per ml. of digest. 
** Activity for maltose was taken as 100. 


(3) The dry cell suspension of this Candida yeast grown in a 
mannitol medium contained a trehalase which hydrolyzed trehalose optimally at pH 


Trehalase. 


5.2 (Fig 5). The trehalase was contained in varying amounts in the cells grown 
In order to see whether this trehalase was 
identical either with the acid a@-glucosidase or with any one of the neutral a-glu- 
cosidase group, activity ratios of all these enzyme preparations and the trehalase 


with various other carbon sources. 
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toward four substrates (sucrose, maltose, methyl—a-glucoside and trehalose) were 
determined using three sorts of dry cell suspensions. Table 4 summarizes the results. 
Since, in the case of two dry cell suspensions which were obtained from the cells 
grown in the sucrose medium and in the mannitol medium respectively, the activity 
ratios toward trehalose and each of three substrates of the neutral a-glucosidase 
group varied remarkably, it may be sure that the trehalase differs from any one 
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Fig. 5 Activity-pH-curves of the dry cell suspension obtained from the cells 
grown in a mannitol medium for the hydrolysis of trehalose. Period 
of incubation: 150 min. 


of the neutral a—-glucosidases. Similarly, the trehalase appears to be distinct from the 
acid a-glucosidase, because there is no parallelism in the activities for trehalose and 


Table 4. Activity of the neutral «-glucosidase group, the acid a«-glucosidase 
and the trehalase contained in the three different sorts of dry cell 


suspensions, 
- = 
» Reaction period Velocity constant, 
ub- |<, min. 104-2 Activity ratio * 
Enzyme | strate s 
Mannitol Sucrose Dextrin |Mannitol| Sucrose | Dextrin |Mannitol) Sucrose | Dextrin 
Sucrose|6.6| 1320 150 0.42; 4.92 | 4 863 
Neutal |’ | iad 
a-gluco- Maltose 6.6; 1320 150 0.89 3.08 8 540 
sidase 
group | ? 
Meex-gl.|6.1) 1320 150 OL07. |. L6G ORY 282 
Tre- Treha- | ae 
Raises lose eee 50 1320 150 10.49 | 0-57 |} 12.80) 100 100 100 
‘Acid | 
a-gluco- |Maltose|4.0| 1320 150 15h 22.50 14 183 
sidase | ea 


* Activity for trehalose was taken as 100. 
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maltose in the two dry cell suspensions which were obtained from mannitol culture 
and dextrin culture respectively. . Therefore it seems probable that the trehalase of 
this Candida yeast is a specific enzyme that hydrolyzes trehalose alone. 


Discussion 


Candida tropicalis var. japonica produces two sorts of maltose hydrolyzing enzymes, 
the one with the optimum pH at about 4.0 and the other with that at 6.6. The latter 
enzyme seems to be, for its lability in the acid medium and its optimum pH value 
(Fig. 1). the same as or analogous to the enzyme which has heretofore been known 
as yeast maltase (12, 13). Willstétter et al. (12) reported long ago that the yeast 
maltase could hydrolyse methyl-a-glucoside too. Weidenhagen (14), who discovered 
that this enzyme could further hydrolyze sucrose, designated it as a~glucosidase and 
considered that the a-glucosidase hydrolyzes generally various holosides and 
heterosides with a-glucosidic linkage. In this Candida yeast, however, the author 
postulated that the enzymes which hydrolyzed maltose, sucrose and methyl-a- 
glucoside optimally at pH 6.1 to 6.6 consisted of at least three distnct enzyme 
because the activity ratios of the enzyme preparation toward these three substrates 
fluctuated quite irregularly upon various treatments. In 1940 Miwa and Toishi (15) 
observed that the ratio of the activity of yeast a-glucosidase toward maltose and 
methyl-a-glucoside fluctuated more or less significantly upon fractionation of the 
enzyme preparation and suggested that maltase and methyl-a-glucosidase of brewer’s 
yeast might be separate enzymes. Recently Lindegren and his associates (16, 17) 
reported that they could obtain from haploid Saccharomyces strains maltase, sucrase 
and methyl-a-glucosidase each of which acted specifically upon a corresponding 
single substrate. In view of these findings it may be possible to infer that in our 
neutral a-glucosidase group of this Candida yeast as least three distinct enzymes 
may be involved, each acting exclusively upon sucrose, maltose and methyl-a- 
glucoside respectively. 

On the contrary, the acid a-glucosidase may be regarded as an enzyme which 
hydrolyzed both maltose and methyl-a-glucoside, since the ratios of activity toward 
these substrates remained nearly constant in different enzyme preparations, as shown 
in Table 3. However, this a-glucosidase did not act upon sucrose, a fact which is 
at variance with the Weidenhagen’s theory. In this respect it resembles rather the 
maltases found in Schizosaccharomyces octosporus (18) or Escherichia coli (19, 20). 
While Hofmann could not obtain a decisive evidence for the identity of maltase and 
methyl-a-glucosidase of the Schizosaccharomyces yeast (18), it appears 6f interest 


that the average activity ratio of the Candida acid a-glucosidase for the hydrolysis 


of maltose and methyl-a-glucoside, 109 :3. 9, is close to that of the Schizosaccharomyces 
yeast, 100: 2.8, when calculated from the Hofmann’s data. 

Based on the observations that the ratio of activity toward maltose and trehalose 
differs between the enzyme preparation of baker’s yeast and that of brewer’s yeast 


ree 
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and that the stability of each enzyme preparation differs in respect of two substrates, 
Myrbiick and Ortenfeld (21) considered that maltase and trehalase were different 
enzymes. In the present work more reliable data were obtained for proving the 
non-identity of the trehalase with the acid a-glucosidase and also with each of the 
neutral a-glucosidase group of a Candida yeast strain (Table 4). It is worthy to 
note that the optimum pH of this Candida trehalase, namely about 5.2, was the 
same as well as that of the trehalase found by Lukes and Phaff (9) in the cells of 
another strain of Candida tropicalis while it differs from that of the trehalase of the 
brewer’s yeast which lies at about 7.2 (21).: 

The experimental data obtained in the present work are strongly suggestive of 
the absence of @-h-fructosidase in the cells of Candida tropicalis var. japonica (Fig. 
2 and 4). In this respect the constitution of the carbohydrase system of this Candida 
yeast seems of particular interest. 


Summary 


Candida tropicalis var. japonica was proved to produce following three sorts of 
a-glucosidases. 

(1) Neutral a-glucosidase group. The enzyme included in this group hydro- 
lyzed sucrose, maltose and methyl-a-glucoside optimally at pH 6.1 to 6.6, but not 
below pH 4.0. In this group at least three different enzymes seem to de involved, 
but the separation of the enzymes was not successful. 

(2) Acid a-glucosidase. This enzyme hydrolyzed both maltose and methyl- 
a-glucoside optimally at about pH 4.0, but not sucrose at all. The activity ratio 
of this enzyme toward these two substrates was about 100: 3.9. 

(3) Trehalase. This enzyme hydrolyzed trehalose alone optimally at pH 5.2 
and was proved to differ from any other a-glucosidases mentioned above. @-h- 
Fructosidase appeared to be absent in this yeast strain. 

The author wishes to express his hearty thanks to Prof. T. Miwa for his 
instruction and encouragement and also for reading the manuscript before publica- 
tion. Thanks are also tendered to Prof. K. Nisizawa for his helpful advice. The 
yeast strain used in this work was beforehand further purified from the stock 
culture maintained in the author’s laboratory by courtesy of Prof. T. Kobayashi, 
to whom the author is indebted to acknowledge. 
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Electron-microscopical Study on Fine Structures 
of Diatom Frustules XIV 


Observation on the genus Chaetoceros” 
by Haruo OKUNO* 
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Chaetoceros affinis Lauder (Pl. I), Hustedt, Kieselalg. 1: 695, fig. 396 (1930); 
Mills, Index Diat. 370 (1933). 

L. M.S) (Fig. 1) Chains straight. Frustules in broad girdle view oblong, about 
13-23 (9-30) broad. Apertures between frustules narrow lanceolate, slightly con- 
stricted in the middle. Valves (v) elliptic, each of the terminal frustules possessing 
short central spine (cs). Mantles (m) high, suture (s) between mantle and girdle 
slightly constricted. Inner setae delicate, arising from the angles of valves, coales- 
cing at the base with the setae of the opposite frustule. Terminal setae robust, 
strongly divergent. 

E. M.S.» (Fig. 2-5) In the present research, frustules and setae of the terminal 
cells were observed. Frustules indistinctly ribbed. On the valve, ribs (7) are ar- 
ranged in radiating rows, about 4 in 1», often divaricate and anastomose. On the 
mantle, ribs are arranged in longitudinal rows about 4 in ly. Frustule pores are 
round or angular holes (2), about 100my in diameter, about 2-4 in 1 », scattered 
in the indistinct furrows between ribs. Besides holes, small pits (/, minute, incom- 
plete holes with somewhat thick closing membranes) about 10my in diameter are 
also scattered on the frustule. Central spine (cs) of the terminal valve is elliptic at 
the base, and perforated by a flat canal with a basal opening (ocs) about 900mpm 
long aud 50 mp broad. In the present specimen, the central spine, at its end, splits 


* Botanical Laboratory, Kyoto University of Industrial Arts and Textile Fibers, Kitaku, Kyoto. 
FABLE D FRE Be FE. 

1) Hitherto, so far as I know, the following species were fabeat chink with the electron micro- 
scope: Ch. criophilum (Okuno, 1952, 1954), Ch. dichaeta (Okuno, 1952, 1958, 1954), Ch. didymus 
(Desikachary and Bahadur, 1954), Ch. Eibenii (Desikachary, 1954), Ch. Lorenzianus (Desikachary 
and Bahadur, 1954), Ch. paradoxum (Desikachary and Bahadur, 1954), Ch. pervianus (Desikachary, 
1954). Besides these species, some others may have been treated in J.G. Helmcke and W. Krieger, 


Diatomeenschalen in elektronen-mikroskopischen Bild, I, II (1953, 1954), but I have not yet been 
able to see the publication. 


2) L.M.S.: Light-microscopic structure. 
3) E.M.S.: Electron-microscopic structure. 
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into two lips. Besides the central spine, many sharp spinules (spz) about 0.3-0.4 pu 
long are scattered on the valve surface. Terminal seta hollow, and its wall seems 
to be perforated by somewhat coarse pores. 

Habitat: Marine plankton. Shimonoseki, Yamaguchi Prefecture (Okuno, No. 
m859. May, 1953. Collected by H. Maeda). Kariya, Awaji Island, Hy6égo Prefecture 
COkuno, No. m989. Aug. 1954). 

Chaetoceros atlanticus Cleve (Pl. II), Hustedt, Kieselalg. 1: 641, figs. 363, 364 
(1930) ; Mills, Index Diat. 372 (1933). 

L.M.S. (Figs. 1, 2) Chains straight, not twisted. Frustules subcylindrical, 
oblong, 20-42 w broad in broad girdle view. Valves elliptic, with a central spine 
(cs) about 4-6 u long and 500-600 my in diameter. Apertures hexagonal, rounded at 
corners. Mantles low, usually less than one-third of the height of frustule. Girdle 
well developed. Suture between mantle and girdle distinct. Setae arising slightly 
within the apical ends, basal part somewhat thin, after crossing thickened, later 
tapered toward the ends. Inner setae almost ‘straight. ‘Terminal setae slightly 
thicker and longer or shorter than the inner setae, strongly divergent outwards, 
sometimes bent towards pervalvar axis further out. 

E. M.S. (Figs. 3-7) Valve surface has delicate radial ribs (7) about 3-5 in lp, 
and between the ribs scattered with round holes (2) about 60-100my in diameter, 
about 6-8 in 104. Besides these holes, pits (p) about 20-30mp in diameter are 
sometimes densely distributed on the valve surface. Central spine round, hollow, 
about 4-6 » long about 550-600 my in diameter ; its wall probably non-porous. Mantle 
line (ml) thickened, rarely armed with small numbers of fine spinules (spz) about 
0.6-1 ~ long. Mantle about 200-400u high, scattered with round holes about 100-150u 
in diameter, and apparently ribless. The girdle was impenetrable to the electron 
beam, and no fine structures could be revealed. Setae hollow, angular, with thick- 
ened and spinulated corners. Side wall of the seta thin, perforated with coarse pores 
about 2-2.5 in 1, arranged in a longitudinal row. The pore rounded rectangular, 
incompletely locular with the inward ‘projection of side wall. At its outside, the 
incomplete loculus (iJ) is half closed by a more or less netveined sieve membrane 
(sm), leaving several rounded or horse-shoe shaped slit-like sieve pores (sp). Walls 
of setae are also scattered with pits about 50 mw in diameter. 

Habitat: Marine plankton. Abundant in our Northern Pacific collections from 
48°48/-52°30/ N, 162°58/-179°50’E (Okuno, No. m698-741. June-July, 1952. Collected 
by Captain S. Sakai on the researching boat “Ten-yd-Maru” and Mr. H. Maeda 
on the guard boat “Syunkotu-Maru”’). 

Chaetoceros danicus Cleve (Pl. IJI), Hustedt, in A. Schmidt, Atlas Diat. Pl. 
342, fig. 9 (1921); Mills, Index Diat. 380 (1933). 

L. M.S. (Flg. 1) Cells usually solitary, sometimes in short chains with very 


4) According to Hustedt, octangular [Hustedt (1930), 641]. 
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small apertures. Valves almost flat, broad elliptical, 12-20 (7-20) » long, 10-17 
broad. Mantles somewhat high. Suture between mantle and girdle distinct. Girdle 
narrow, about 1.5-2 broad. Setae thin, almost horizontal, divergent in acute angles 
on both valves, and form a cross in valve view [cf. Hustedt (1930), 660, fig. 373 
aeavuls 

E. M.S. (Figs. 2-5) Valves ‘usually ribless, rarely with indistinct ribs (7). 
Central pores (cp) of the valve more or less linear, about 200-300 mp long and 100- 
130 mp broad. Holes (#) round, about 50-80my in diameter, irregularly scattered 
both on valve and mantle. On the valve, the holes denser at the margin than in 
the center. Valve surface without spinules. Setae round or angular, about 2-2.7 
in diameter. The base of seta (ds) swollen in bulb-form. Basal opening of the 
seta, through which the cavity of seta communicates with the cell cavity, is elliptic, 
about 5 long and 3 broad. Wall of seta is perforated with round to rectangular 
holes about 50-80 mp in diameter or about 100myp long and 50-80 my broad. Holes 
of the seta arranged in circular and longitudinal rows about 5-6 in 10m. Near the 
end, the seta is armed with fine spinules about 0.8-1.5 uw long. 

Habitat: Marine plankton. Suma and Kariya, Hyégo Prefecture (Okuno, No. 
m948-Suma. March, 1954. No. m989-Kariya. Aug. 1954). 

Chaetoceros didymus Ehrenberg (Pl. IV, Fig. 2), Hustedt, Kieselalg. 1: 688, figs. 
390, 391 (1930); Mills, Index Diat. 383 (1933); Desikachary and Bahadur, Journ. 
Sci. & Indust. Res. 13B: 92, fig. 1 (4, 10, 11) (1954) 

L.M.S. Chains straight, with somewhat broad apertures constricted in the 
middle. Frustules in broad girdle view quadrangular, about 10-25 (10-40) w broad. 
Valves (v) elliptic, with a hemispherical protuberance (pr) in the center. Mantle 
(m) narrow. Girdle more or less broad. Setae arising from corners, angular, cros- 
sing at their bases, on the edges armed with spinules (sp). Terminal setae long, 
divergent, slightly thicker than the others. 

Habitat: Marine plankton. Kariya, Awaji Island, Hydgo Prefecture (Okuno, 
No. m989. Aug. 1954). 

var. protuberans (Lauder) Gran and Yendo (Pl. IV, Figs. 3, 4), Hustedt, Kie- 
selalg. 1: 690, fig. 392 (1930) 

Terminal setae distinctly thicker and more strongly divergent than in type, and 
convex toward outside. Inner setae, having more or less long basal parts, cross 
far out from the chain. 

Habitat: Shinwakanoura, Wakayama Prefecture (Okuno, No. m618,. June, 1952). 

var. anglica (Grunow) Gran (Pl. IV, Fig. 1), Hustedt, Kieselalg. 1: 690, fig. 
393 (1930) 


Inner setae, having long basal parts, cross further out from the chain than in 
type and var. protuberans. 


Habitat: Kariya, Awaji Island, Hydgo Prefecture (Okuno, No. m689. Aug. 1954). 
E.M.S_ The three forms, Ch. didymus, var. protuberans and anglica are the 
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same in their electron-microscopic fine structures. Frustule ribs (7) very thin, more 
or less distinctly visible on the protuberance (gr) and its environs where the holes 
(hk) are sparse; on the other parts where holes are dense, the ribs indistinct. Holes 
round to angular, 4-6 in 1; on the valve about 60-100 mp in diameter, arranged 
in radial rows, and usually somewhat sparse near the protuberance and the base 
of seta. On the mantle (m) and girdle, holes are arranged in longitudinal rows. 
By the present electron microscopy, intercalary bands (7b)®) were found in the three 
forms. The imbrication line (ml) of the intercalary band distinct. Intercalary bands 
are collar-shaped, circular (or semicircular ?), about 3.5-5 broad, and finely porous 
with holes. Holes round to angular, about 50-80my in diameter, arranged in 
longitudinal rows about 5-6 inl. Holes are a little smaller than those of the 
valve and mantle. Terminal seta quadrangular (or pentagonal ?), with one or two 
rows of holes on each side about 2-4 in 1. Holes elliptic, about 100-250 my long 
and 60-150 my broad. Corners of seta armed with spinules about 150-200 my long, 
5-6 in 104. Desikachary and Bahadur published three electron micrographs of Ch. 
didymus in Journ. Sci. & Indust. Res. 13B: 93, fig. 1 (4, 10, 11). Their figure 4 
shows a seta with rounded holes arranged in circular and longitudinal rows about 
6-7 in lw. This is quite different in fine structure from that of the present speci- 
mens. The shape and arrangement of the holes in their figure 4 are rather similar 
to those of Ch. danicus here researched (PI. III, fig. 2). 

Chaetoceros distans Cleve (Pl. V), Hustedt, in A. Schmidt, Atlas Diat. pl. 337, 
figs. 3-6, pl. 338, fig. 8 (1921); Mills, Index Diat. 384 (1933). 

L. M.S. (Fig. 1) Chains straight or more or less twisted. Frustules in broad 
girdle view rectangular, 10-26 broad, with slightly projecting corners. Valve 
surface elliptic, rarely almost circular, slightly convex in the middle. Apertures 
very large, slightly constricted in the middle. Inner setae thin, with long basal 
part, toward the ends curved to one end of chain. Terminal setae thick, more or 
less divergent, armed with fine spinules. Chromatophore one per cell, central or 
pressed against one valve. No resting spores observed in the present specimens. 
Light-microscopically, the present species has a close resemblance to Ch. laciniosus 
Schiitt. Hustedt [Kieselalg. 1: 701 (1930)] and Mills [l. c., 384, (1933)] put the 
former in synonyms of the latter, but the present specimens had, as a distinct charac- 
ter of Ch. distans, one chromatophore per cell. (In Ch. laciniosus, chromatophores 
two per cell.) Kokubo [Plank. Diat. 184 (1955)] distinguished Ch. distans from Ch. 
laciniosus by its spinulated resting spores, and also Ikari [Bot. Mag. Tokyo 42: 254 
(1928) by its longer basal part of inner setae. Thus, I identify the present speci- 
mens as Ch. distans. 


5) Hitherto known in Ch. costatus [Hustedt (1930), 699, fig. 399d; Cupp (1943), 127, fig. 
79], Ch. denticulatum [Ikari (1928), 249, fig. 3], Ch. Hibenii (Cupp, l.c., 7, fig. C8), Ch. Okamurai 
Cikari, 1. c., 249), and Ch. rostratum (Ikari, 1. c., 249, fig. 3): 
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E. M.S. (Figs. 2-6) Frustules have somewhat thick, linear ribs (7) on valve (v), 
mantle (m) and girdle (g). Valve has a flat, elliptic central area (ca) about 1.3- 
6.5 » long and 1-5 w broad, which is usually hyaline, rarely scattered with holes. 
On valve surface, the ribs about 100-300 my broad, radiating from the central area 
about 2-3'in 1, and often divaricating several times. On mantle, the ribs arranged 
in longitudinal rows, about 2-4 in lw. On girdle, the ribs thin, about 80 mp broad, 
and arranged in longitudinal rows about 7in 1». The mantle line (ml) thick, rim- 
like, about. 200 my broad. Frustules with or without holes. Holes (f) round, about 
30-70 mp in diameter, scattered sparsely on both ribs and furrows of valve and man- 
tle. In the present specimens, holes were not found on the girdle. Setae hollow, 
round (sometimes slightly angular ?), about 0.8-1.8 » in diameter, armed with spinules 
(spn). Wall of the inner seta distinctly perforated with round to oblong holes 
about 15-30 mp in diameter. Holes of the seta occur about 12 in 1y, and are ar- 
ranged in circular and longitudinal rows. 

Habitat: Marine plankton. Hamazume, Kyoto Prefecture (Okuno, No. m360. 
Aug. 1949). Maizuru, Kyoto Prefecture (Okuno, No. m433. Aug. 1949. Collected by 
H. Maeda). East China Sea: 31°54’-32°54’ N, 123°26/-124°39/ E C(Okuno, No. m924-933. 
Jul.-Sept. 1953. Collected by H. Maeda). Minato, Awaji Island, Hydgo Prefecture 
(Okuno, No. m1020. Aug. 1955. Collected by Y. Funakoshi). 

Chaetoceros Lorenzianus Grunow (PI. VI), Mills, Index Diat. 390 (1933); Cupp, 
Bull. Scrips Inst. Ocean. 5: 118, fig. 71 (1943) 

L. M.S. (Figs. 1,2) Chains straight. Frustulesin broad girdle view rectangular, 
about 30 (10-80) uw broad, with slightly elevated center and apical ends. Apertures 
elliptical to linear, slightly constricted in the middle. Valves elliptic with slightly 
elevated center and apical ends. Suture between mantle and girdle distinct. Setae 
strong, with a short basal part, fused adjacently only at point; the wall distinctly 
punctate. Terminal setae shorter and somewhat thicker than others, more or less 
divergent. 

E. M.S. (Figs. 3-7) Valve (v) has an elliptic hyaline central area (ca) about 
2p long and 1.2 broad. Ribs (7) distinct, radiate, somewhat thick, irregularly 
divaricate and anastomose; about 100-300 mu broad, and occurring about 3 in ly 
at the valve margin. At the base of seta, ribs convergent. Holes (h) indistinct, 
about 30-40 mp in diameter, scattered on ribs and rarely on furrows. Judging from 
the electron images, most of the holes may be the pits (p). Spinules (spz) about 
300-500 mz long rarely occur on ribs of the valve. Mantle line (ml) thickened, 
about 0.5 broad. Ribs on the mantle (m) longitudinal, about 3 in 1 b&. Holes 
and pits are sparsely scattered. Girdle (g) ribless, scattered with indistinct holes 
and pits. In Fig. 4, the imbrication zone (iz) between mantle and girdle is clearly 
shown. Setae rectangular, about 1.54 in diameter at the base, and 2.5-3w at other 
part. Wall of setae perforated by a row of coarse holes. Holes elliptic to oblong, 
1-1.2 long and 0.5-0.7 ~ broad, occurring about 5-7 in 10 @. Corners of setae 
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armed with minute spinules. 

Habitat: Marine plankton. Off Yosa Peninsula. 36°3.2/N; 135°24/E (Okuno, 
No, m454. Jul. 1950. Collected by ‘H. Maeda). Kariya and Sumoto, Awaji Island, 
Hy6go Prefecture (Okuno, Nos. m989, m995. Aug. 1954). 

Chaetoceros decipiens Cleve (Pl. VII), Hustedt, Kieselalg. 1: 675, fig. 383 (1930) ; 
Mills, Index Diat. 381 (1933). 

L.M.S. (Figs. 1, 2) Light-microscopically, similar to Ch. Lorenzianus, but 
distinguishable from it by the longer fused part of the setae. The fused part is 
about two or three times as long as the diameter. Punctation of setae is more 
indistinct than in Ch. Lorenzianus. 

E. M.S. (Figs. 3-8) Ribs very weak, scarcely visible, sometimes may be absent. 
Holes (#) round, about 70-100 mp in diameter, 4-5 in 1p, arranged in radial rows 
common to valve (v) and mantle (m). Radial rows of holes about 4-5 in lp. 
Mantle- (ml) and girdle lines (gl) distinct. Holes on the girdle (g) about 4-5 in 
1, arranged in longitudinal rows about 4-5 in 1p. Setae rectangular, about 1.7- 
2m in diameter; wall of seta has coarse elliptic to rectangular holes about 0.7- 
2 long and 0.4-0.5 w broad, which occur about 7-10 in 10m and are arranged in 
a longitudinal line. Spinules (sfz) of setae delicate. The figures in Bot. Mag. 
Tokyo 63: 99, pl. 2, figs. 2, 2’ (Okuno, 1950) and figs. 1 (1, 2) in Journ. Sci. & 
Indust. Res. 13B: 92 (Desikachary and Bahadur, 1954) which are described by 
the authors as Ch. Lorenzianus show the same fine structure as in Ch. decipiens 
here researched. On the other hand, by the present research, Ch. Lorenzianus was 
found to have a quite different fine structure as detailed above. Thus, I now think 
these figures by Okuno, Desikachary and Bahadur should be shown under the 
name of Ch. decipiens. 

Habitat: Marine plankton. 29°N:; 135° E (Okuno, No. m980. Dec. 1950. Collec- 
ted by R. Marumo). Kariya, Awaji Island, Hyédgo Prefecture (Okuno, No. m989. 
Aug. 1954). 

Chaetoceros pervianus Brightwell (Pl. VIII), Hustedt, Kieselalg. 1: 671, figs. 
380-381 (1930); Mills, Index Diat. 393 (1933); Desikachary, Mikrosk. 9: 174, figs. 
24220 (1954 ) 

L.M.S. (Fig. 1) Cells usuaily solitary. Frustules 12-26 (10-30) » broad in 
broad girdle view. Valve surfaces elliptic, dimorphic; the upper rounded, the lower 
flat. Suture between mantle and girdle deep, groove-like Setae of upper valve 
originate near center, and those of lower valve originate near margin. Setae thick, 
hollow, four-sided; walls transversely costated, armed with spinules on corners. 

E. M.S. (Figs. 2-8) Frustules ribless, very rarely with weak-ribs (7), radiate 
on valve and longitudinal on mantle. Mantle line slightly thickened. Holes (2) 
round, 40-70mp in diameter, sparse, irregularly scattered on valve, mantle and 
girdle. In ribbed frustules, holes distributed on furrows. Holes sometimes denser 
around the base of setae. Setae 2.5-4.2 (2-6) w thick, rectangular, one side about 
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2-2.5 w broad, basal part 2.5-3.34 thick, end pointed and closed. Spinules (sp) of 
setae distinct. Upper and lower setae are the same in fine structure. Seta walls 
have about 2 transverse costae (c) in lw, and between every two costae about 5 
Cin 1p 5-9) transverse rows of holes (/#). Holes round, about 50-70my in diameter, 
occurring 7-9 in ly. Central spine (cs) of the lower valve about 0.5-1u in diame- 
ter and 2-34 long. Desikachary published two electron micrographs of the present 
species [Desikachary, |. c., 177, figs. 24, 26 (1954)]. His fig. 24 shows the trans- 
verse costae of the lower seta, but the holes of seta were not revealed, and fig. 26 
shows rounded, irregularly scattered holes on ribless mantle. These features quite 
agree with those in my present specimens. 

Habitat: Marine plankton. Hamazume, Kyoto Prefecture (Okuno, No. m354. 
Aug. 1949). Akashi, Hyégo Prefecture (Okuno, No. m393. Dec. 1949). 39° N; 153° E 
(Okuno, No. m972. Aug. 1950. No. m977. Nov. 1952. Collected by R. Marumo). Minato, 
Awaji, Hyégo Prefecture (Okuno, No. m991. Aug. 1954. Collected by Y. Funakoshi). 
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Figs. 1-5, Chaetoceros affinis. 1, Entire chain in broad girdle view. 2, Terminal valve. 
3, Portion of valve and mantle. 4, Terminal frustule; note the central spine with a slit-like 
opening. 5, Central portion of the valve shown in fig, 2. 1-3, 5, Shimonoseki. 4, Kariya, 
(1, Light micrograph. Scale: 10y, 2-5, Electron micrographs. Scales: 1p.) 


H. Okuno: Fine structure of diatom frustules 


Plate II 
Bot. Mag. Tokyo, Vol. 69 (No. 814) 


Figs. 1-7, Chaetoceros atlanticus. 1, Chain in broad girdle view. 2, Part of a chain, show- 

ing frustules with central spines and two setae. 3, Isolated single valve with a central spine, 

4, Portion of a valve, showing central Spine and spinules on mantle line. 5, Portion of a valve, 

showing holes, pits, and radial ribs. 6, 7, Sections of setae, showing incomplete loculi. 1=7; 

North Pacific Ocean, (1, 2, Light micrographs, Scales: 10p. 3-7, Electron micrographs, 
cales: lp.) 


H. Okuno: Fine structure of diatom frustules 


Bot. Mag. Tokyo, Vol. 69 (No. 814) Plate Ili 


Figs. 1-5, Chaetoceros danicus. 1, Single cell in broad girdle view. 2, Section of a seta, 
3, Valve viewed from outside, 4, Portion of a valve 
5, Central portion of a valve, showing a 
5, Kariya. (1, Light micrograph. 


showing round holes on the wall. 

viewed from inside; note the indistinct radial ribs. 
central pore, holes, and bulbar bases of setae. 1-4, Suma. 
Scale: 10p. 2-5, Electron micrographs. Scales: 1y..) 


H, Okuno: Fine structure of diatom frustules 


Plate IV 
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H. Okuno: Fine structure of diatom frustules 
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Figs. 1-6, Chaetoceros distans. 1, 2, Parts of chains. 3, Portion of a valve, 4, Frustule 
in girdle view; note the finely ribbed girdle. 5, Isolated single valve viewed from outside. 6, 
Section of a seta, showing holes and a spinule. 1, 3, 6, East China Sea. 2, Minato. 4, 5, 
Hamazume. (1) Light micrograph. Scale: 10p. Electron micrographs. Scales: 1p.) 


H. Okuno: Fine structure of diatom frustules 
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Figs. 1-7, Chaetoceros Lorenzianus. 1, Entire chain. 2, Part of a chain, showing holes on 
setae. 3, Isolated single valve, showing a central area, fused ribs. 4, Portion of a valve, 
showing dense holes and pit. 5, Girdle view of frustule with setae. 6, Portion of a valve, 
showing spinules. 7, Terminal portion of a seta, showing holes and spinules, 1, 2, Sumoto, 
3, 5-7, Kariya, 4, Yosaumi, C2; Light micrographs. Scales: 10p. 3-7. Electron micro- 
graphs. Scales: 1p.) 


H. Okuno: Fine Structure of diatom frustules 
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Figs. 1-8, Chaetoceros decipiens. 1, Chain. 2, Part of the chain in fig. 1. 3, 4, Parts of 
chains. (Note the long fused basal part of setae in figs. 2, 3.) 5, Part of a frustule. 6, 
Portion of a frustule in fig. 4, showing holes, mantle- and girdle lines. 7. Section of an 
inner seta. 8, Terminal portion of an inner seta. 12, 29° NN 185°8- 23-6, Narva, (15 2: 
Light micrographs. Scales: 10y. 3-8, Electron micrographs, Scales: 1p.) 


H, Okuno: Fine structure of diatom frustules 
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Figs. 1-8, Chaetoceros pervianus. 1, Single cell in girdle view. 2, Girdle view of an upper 
valve, showing round holes on the mantle. 3, 4, Girdle views of lower valves; the mantle in 
fig. 3 ribless, and in fig. 4 longitudinally ribbed. 5-8, Sections of setae viewed from various 
directions ; structure of the wall is cleary shown. 8, 


; in figs. 5, 6, the quadrangular prismatic 
Terminal portion, 1, 2. 7, 39°N; 153°R, 3,5, 6, Akashi. 4, Hamazume, ~ 8, Minato. qd, 
2-8, Electron micrographs. Scales: 1p.) 


Light micrograph. Scale: 10y., 
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Y6 TAKENAKA and Masao TANAKA: Cytogenetic studies in Nicotiana, XIII 
Haploid plant of Nicotiana tabacum. 
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Photo. Diploid and haploid tobaccos. 
a. Flowers, 
left : diploid, right: haploid. 
b. Leaves, 
left : diploid, right: haploid. 
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Fig. 1. Haploid tobacco. 
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Fig. 2. Haploid tobacco. 
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Abstract 


A variety of Nicotiana tabacum, “Bright Yellow” was pollinated with pollen of 
NV. alata treated by X-rays (48007). From the seed obtained, 8,730 were sown, 150 
germinated but only two plants reached maturity. One of them was a hybrid, and 
the other was a haploid tobacco plant which was a little smaller than the parental 


diploid “Bright Yellow.” 


In studying MI in PMC’s of the haploid plant, most frequently 24 univalents 
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were found; in about 30% of PMC’s one to three bivalents were observed. On the 
average 0.39 bivalents occurred per PMC. 

An early study on meiotic behavior in haploid N. tabacum “purpurea” was 
reported by Clausen and Mann (1924). They indicated complete lack of pairing at 
MI, while in the same material Chipman and Goodspeed (1927) saw an occasional 
bivalent and interpreted it as a product of adherence of two chromosomes closely 
associated on the MI spindle rather than a reflection of pachytene pairing, since 
association was not observed at diakinesis or earlier. Kostoff found in a haplont of 
N. “triplex” —N. tabacum x (N. sylvestris x N. tomentostformis)—and in a haplont of 
amphidiploid JV. sylvestris x N. tomentosiformis, both of which he considered equiva- 
lent to haploid N. tabacum, a range of zero to three pairs. The former had 0.35 
and the latter 0.34 bivalents per PMC. The above mentioned, observations in the 
haploid tobacco plant agree with these results. 

On the cotrary, in the three hybrids, N. otophorax N. sylvestris, N. sylvestris x 
N. Setchellit, and N. sylvestris =< N. tomentosa, Goodspeed (1934, 1954) found a range 
of zero to seven bivalents with the mode at 2-3, and also Takenaka (1954, 1955) 
counted, in the hybrids W. sylvestris x N. tomentosiformis, N. sylvestris = N. tomentosa 
and UN. sylvestris x N. otophora, 1-9 bivalents with the mode at 4, 0-7 with the mode 
at 3 and 0—5 with the mode at 2 respectively, in the above cited order. Takenaka’s 
observations gererally agree with Goodspeed’s findings concerning chromosome 
affinity between the sylvestris genome and those of the tomentosa group. 

Accordingly, bivalent number at MI of the hybrid between WN. sylvestris and the 
species of tomentosa group is always higher than that of haploid tobacco. Concern- 
ing the decrease of intragenomatic affinity in haploid tobacco, Clausen (1941) 
advocated the following assumption: “the alterations which have diminished its 
duplicational completeness must have arisen largely since it became established as 
an amphidiploid.” 

On the contrary, in the hybrid JN. sylvestris x N. tomentosa, Kostoff found usually 
univalent chromosomes or 1 to 4 bivalents, rarely more than 4, and in F, W. sylves- 
tris x N. tomentosiformts somewhat less bivalents than in the former. He stated that 
meiosis of the NV. “triplex” haploid and the haploid of amphidiploid JN. sylvestris x 
N. tomentosiformis could not be distinguished from the meiosis in F; XN. sylvestris x 
N. tomentosiformis. 

The difference between Kostoff’s and Goodspeed’s as well as Takenaka’s find- 
ings in the hybrids between WN. sylvestris and tomentosa group are ascribed to the 
different methods of cultivation. Nevertheless, it is certain that the bivalent num- 
ber in haploid tobacco is less than that of the hybrids between WN. sylvestris and 
species of the tomentosa group. 


Literature Cited 


Chimpan, R. H. and Goodspeed, T. H:, Univ. Calif. Publ. Bot. 11: 141-158 (1927). Clausen. R. E., 


198 i me He RB BOA B8lis fen 31 4 A 


Amer. Nat. 76 : 291-306 (1941). —— and Mann, M.C., Proc, Nat. Acad. Sci. 10: 121-124 (1924). 
Kostoff, D., Bibliogr. Genet. 13 : 1-148 (1941). Lammerts, W. E., Cytologia, 6 : 3-850 (1934). 
Takenaka, Y., Ann. Rep. Nat. Inst. Genet. Jap. 4: 34-35 (1954). —-, Ann. Rep. Nat. Inst. 
Genet. Jap. 5: 64 (1955). 


Ae Bye Ce eee pl eee ee een 
HED wR 2,3 ORERERRIZOWT* 
vay risa = e** 


Y6zo IWANAMI: Physiological Researches of Pollen X 


The Absorption of Sugars and some Enzyme Reactions. 


HURD -CIS7EMATM Sh Siar ts CRE ~- (LERGE OFFSSE C4 AI OER IAT OC eRE 
DMIABHROBEAALNSZ&O&, KUBAE Dix ODOM BLM LCOR4L DOLE BASH 
FEOZER(K sucrose, glucose, fructose 7;E ORE 4, Fig. 1 (232% 1.5% pH 6.5 OREO R TE 


REVCWZCLEEKMOWCHNRAY, Flt 
TMS OEH AEE eH L CERF SlnIC HD» 
SRS SHORE, RU amylase fe EPIL 
WT BEES IC OW C ODRROMRERMET So 


I BEAD CORORK 


TERBERLCHTEDFORSIL, BRO 
FRI LETSZDGCHhSDb6, COMIC CE 
ROMPAICHA ARKO, FIMOBICIRTSR 
IMtMOR(S, BATERICZEMMAGO ICRA C 
\>% (D> FRA CHICA 5 BATE THIT HD 
SD 5b FHEAEDAMN Db DBF RBOWSER 
ECDC ORMDSS™ CRW Ol, ATHSREIT 
BEL OMe OMI sucrose 7¢ YE OFFS EEC 
LWO28, CIS ORATEH OMBLD C BICH 
MOBBGER MAS SRA RA CRLEWSE 
th EVIL MSY ChoOkDbCHh45.M 
TEBAND SONS OPA SE LARRY 
KR bNCWORPORCL, BICRABOTED 


* ROBINS HEMI LBLOO Ee 
** BURA SONY Aye as 


—. + ati < ie a " wat oat FE 3 
1. #RFOHRIE (GER 1.5%) bCHH 
fet4 Impatiens Balsamina L. OTE ES 


April 1956 


FEL CIERYS eh Lt: Impatiens Balsamina L. 
DIED Che Bo CDE 4 PRES OLROTIE 
Be. DIEBNTEPEO RROD A OBS IEC (EBL 
7D, RRFCROROTAL, BICHORGL 
sucrose FMA ZCLAMOLOL MA AZLOY 
TIC ERERE ESD CEBGCH ZLOAIG, TEK 
sucros PA ZDeHELCWOZLG CHS, 

& 4 Ee ALE SICK LT, Sh Oat 
PRACL VAHKRETH, HEA ZOD 
DBRT S& LCS, FO CHER OD 
te 2d bP CDE CIEMEEBL, HREENO 
MOBREAMUE MXLIEDABKLEDAbD 
So CMCC CitRITHER? bBAXAF sa 
CET S—BORROPC, AFa=VvOTEHR 
Fe ASE L eHSBEZED b sucrose 24H 7.M glu- 
COSe AB Le eH LoS, 


xz 1 


HiikO = & < Impatiens Balsamina L. DEK 
&, Lilium longiflorum Thunb, 23, —Alt glu- 
cose FEL LCHS, fe Alk sucrose FELL 
CHORCHIRMIRTED EBX, Hic Impatiens 
DACK (LAERS OLE TEE EC 4 ATK OD OFERYE % (ih 
FOLEREABICANTC, (DO 2BBOTERICO 
LO CHE DUE % FAST o 

SSBABICE DRVOBMIL, FEDORICRHS 
41%) sucrose, glucose, fructcse © 3 fafhL, JK 
DP Fy EAE IC 33 1S SEMI O-TG Ch S LX 
bi maltose D4B A+ HALKS 
FEE sucrose 0.1 g, fructose 0.1g, glucose 
0.05g, maltose 0.1lg % 8cc MA (pH 6.5) 
IGADL, CHS 012g HIM CHR 
ZFERVEOK. CHAeES 0.7mm, && 20mn, 
ts 10mm OAICMOTC AF A PAF AICE DO, 
RO 4 O*% 10K 

SETETEIC ES DHE DUBE PARRKOAS Slt, 
bP CD BEMTORFHRROR RD DESL 
4} BbNA4 OIA, MIZE glucose ¥ 
(OPO LE LDV 72h F7 
DRC, 4AOWAIE SEARO 79 bh Fb 
PERT SAWLALTCWOS. 

10 (HDFERESIILO Ac 5 (lL Impatiens o 
Alc, (4D Sik Lilium OFEHOAC bn, 
LOmMAt 4 LODTILMRMOBICEOE SB 


Bot. Mag. Tokyo, Vol. 69, No. 814 199 


L, 1H 4 DIDI SN ENEMRRAICHM 2mm 
TID: < CREF RCC Lo AIDAMICICIER 
REDSFICTEDE OHO SAME 2 SKIIHM 
#i Liz. (Fig. 1 BR) 

CHR 27°C OVPBICHHD C Hb 1 ell, 2 Re 
[HK]. Sash] (Lilium (2 4 fH), 20 IO BAS 
Se Rela LFCHRIT LODO LOTTIE E ORR 
Re, FRR 2cc ORWKORE™THF ODELKo 
EDA LAC LIAR 0.06 cc DOWD 
ADH CEDCIRIICEZ, CHeEA-K-7 
VPIhFF7ORRORI| GRAB) CBR 


@® © @ 
@@e © @ 
@ 

® @ 


FR? hero 4 FP 20h 


Fig. 2. BeatEd. b OPFOR Gucrose 
DUB ATWOOD) 
-E¥—Impatiens Balsamina L. 
PR—Lilium longiflorum Thunb. 


| Cont, 


Steal bnk Ze eh Ys Ads Fig. 
21RSNCWS CHILO, BHrERA 
SAIC GX tev as Impatiens, BeU Lilium DER 
Dla} & DEREED B sucrose DAA BML 
BZATEBESSZ. 

tets sucrose D7 AFICILALOHER 4 BITS! 
DL LABWLODSZOFP KK, CORRE RRC 
glucose, fructose, maltose © 3 #8, 2cUs glu- 
cose, fructose D 2 fae StH COPOR 
We IATA, 24 HHIGS% sucrose LISOREIK 
FEMI SH AZRFRASNEDOK, Ek Ca- 
mellia japonica L. OFER) 2 FAL PRRL, FEBS 

DEAHE LCW SITE D LH SFRMSNAB 
DBE DSc LACE EDO, CNSO 


200 iii m HE me 


Cc LIMEMORACLOCHORMOLAZAI 
FZLERRBETSLOLMBbNSZ, MoEMSS 
DLIMBD: DAHICHE R & OAM TAICH 2 Teas 
bDEBLHIL, ROS OIIBRICMU CHER 
WIS E54 £5 HBV DS OULLEV MLSS 
WHATS. EVO Lilium, Impatiens 7s EO 
TERIATE ES ATR. 0 AE LCD b OBL ER 
ALCO SIO L (c ONAL BEC EN 
CHICHPRMSNKbLOCHS), Camellia OE 
BC, TEHERICROEMASHEWCS ERE 
(LOOWOM PE MBO SLBXbNSDd 

& 4d: < TEGNEER RTT 5 CBR LT sucros2 © 
BCRAMtwMe ¢ OANTWHSLEBATIN CH 
Axo COLLIER, ATH PERK sucrose ¥ 
DD EATER OD FH CARAS ON CWS 
CL Ex RATS L, Lilium OFERAEATERSIT suc- 
rose RFA TCWSCL, RVUMORR (RKBK?) 
CRORSAICILIRD AAS <( SENT SAs, FE 
ORBFERNT (XK CH* sucrose FH UOPFITA ACW] 
ce ea7yiBli t42z2b6n4S. RY glucose 
REL LCRASTS Impatiens MERZ: Lilium 
fale Sucrose FMI LEC LIL, ERA BIS 
HOS OF ICR LCHATNS CL CHKS 
50 

Il BACH OTBTER 

BEI TED BED REIT SIC LED TCHR 
MLR SCLARMCERA, COX LIXZERO 
MIC amylase OFA SOLEMRTS. Cn 
BL cits <¢ Paton) Safe AERO 
Ad C Ripinl ds ¢ CIMTCHEDST CICA ANS}) 
ck Fehling RORINCHADTW4A. BH 
(RRICZEMIC amylase AS7FZEF AOL BRERA 
SRD, HRANAOMBe ~—N-— ree 
LY? 7 CHIL. 


RR 2 


O.1g OAT PEM % 15 cc ORB (pH 6.5) 
KBPl, Che 2cc DOBNS OWS ABV) 
UA EP, COMIC 0.05 g D Lilium longi- 
florum Thunb. OFEHRARTHTOOEL, Br 
Tater (CD Ce & OR REBIC 28°C O 
UEC WA CSR ORI LSI a — FRI. Te 
PEVePAALOCHOAR RE WH Li, 


69 4 8 814 = 


HA 31 4 A 


ARTEBIZIEORMOTER (XV), BOR 
O7EK) (XI), Us lactose 10% DEFEEC 60 
BEST EDIEDO 3fEHCHS. COHA—-FO 
RUINITEDREA DIENT OUT OAPI EO 
FEIK 2cc Ob 3cc DORM O REI CFE 
CREM EOC a-— Fe sa-— FAVRMEMZAT 
FARDOB(LR RNA, hist OZ (tA BREA 
KKLZLOCHZCLESEDDAZAK, MROL 
O® UHH L, TOR MAILER OUV RE Mz TC 
PbS bIC—E A LUC HROB (LX Mi LK 

HERE Fig. 3 MOKLICHRENTWSo 


© ¢ @©@ @ @: 

~ eee @ @ @: 

@eeeese * @s 

0.10 }- * oe @ & & @:« 
val ; de at 8 

S. th: 3h. 5h Sho 20h Gee 

e @: 

020 & @s 

cog @: 

0.10 e& @n 


RF. 


2 ° @: 
020 @ @: 
| @: 


aio @ @e. 
» @ He 


Rs. ; : of 
1h. 3h. 5h 8h. 20h. Cont, 
Fig. 3. AMER WRIC TER OY We & MM 
ATR ORD AK 
ER—BATERROTERS HRD 
FERRER OZER 
(Lilium longiflorum Thunb. ) 


Fel EHOW MA EAA 
BHR HOA 
Ref] 0 


fay > AR SRA Ba 


ALG) # le) we | ele 


April 1956 © 


Fig.3 D7 UzbhYFACHMSMO, Wye 
WHRAICIL, Yeslc maltose + glucose Kx 
2,3 OARPOMGERSH, Ha FOR 
BED beMAKBOCWS, ERC ORIEL 
ERD LI SOKR CLREE CHD OMIT 
SSBEXRLTCIZCLEUDS, TEBOMIZ 
amylase 27F7ELTWSL BHCEW: Bbn 
Bo 

igds Fig. 3 -Gi#Jd>6 glucose X(k sucrose 
MAb, XM fructose BABS CWA (2, 
KRORR CH SHR LI, FEMORIS ENT 
Ve sucrose ARICA S WRBRCES5 © 


Zz &R 3 


ER 2G sucrose DAOC AMDASH, =¥ 
fe Lilium longiflorum Thunb. O7E AAD) 
DO sucrose ®4B<¢ FA CW As SHAS 
BENDERABI glucose FB<¢ FOL jICHS 
CEDb6, FEMOMI invertase DAFFETS = L 
WHE LIBS. CHIL C4H< Paton) 
OE x OTE WD PIC AN CRHMRET S 
Li ILPEA EDN AZCL*® Fehling HMCACW 
Do 

4 (LR OTHER & ERODES sucrose 
DAS CRITE EICBM ENT ¢ SHORE 
HAE LR 

Sucrose 0.lg # 8cc OAK (pH 6.5) ie 
WeET 2ccD9OL9N, CO Lilium longi- 
florum Thunb. 7%) (sucrose #AOORI 
4,6, sucrose 4S>A 5M A) & Impatiens 
Balsamina L. D7E#; (sucrose #FbDb MISA 
a, BOOMmIC(t glucose &fRALTWS) El 
AUANTCHFOOSL, BABI OW CA 
Wye Rich D& 28°C DWBICIMDK. 

EMWSITOV CHAI REI & FEI ia RO TF 
HCV ELhTF7ORIRORAINCE LE CHIDO 
(he WINES Fig. 4 ARENAS 

BIS Lilium OZER 4, Impatiens D7{ER 4st 
|Z sucrose # glucose & fructose IC fF LK. 
—RAii LE bLOCIUREREC sucrose ZO 
ESBOCW SLEDS, CHOOTEHMORE 
invertase #fET St BxnzT int Hbnd. 

f]_ LO AHCE sucrose, glucose, fructose 3 
Me URI MZ RIRICTERH MARAE 
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sucrose 721}2NH2%C glucose, fructose 93.4.2; 
glucose, fructose, J<7% maltose, lactose fe & Be 
SPER DRICIAD LRMICOW Ct, (Tir b HORE 
BET SZORBALMONEPOK, CHHOZH 
FREAFF MEW TILES CBT Zs, Hibis- 
cus mutabilis L. DEBOZERNCOVWCHANESIT 
invertase O/EAI EAE fructose PACES 
RAFI CAR glucose (CBX ALEHOABSHAES 
tzine Ltw< 


edie °e@ @ 


0.10 


6h. Gh. Cont. 
(boil) 
Fig. 4. {EM OUTIRE MZ RFD sucrose DAE 
_-E¢ —Impatiens Balsamina L. 
FE¢—Lilium longiflorum Thunb. 


2° 30 60 3h. 


& &fAf7EHORIc amylase, invertase 7344 
CeItHb6aChS2, KSC CHBLESAR 
(X88 1 ICZEM AYE ORD DBE ORE Bs 
BMRA SIR, Bik) OL ¢ maltose D 
FERS ( BOSNRVCLCHS. Ek mal- 
tose DICTED UR Nx KF 4 maltose 4 
SHES SPEADTD SNE. HH 2 ORE 
Sacrose #/AKBICAOT glucose FELELTLO 
k5(C7e4 Impatiens D{ERAS invertase % 4 
DE ELAR CHSAs, itlc glucose PROT 
sucrose #AOL AICS! Lilium OIEVOMIZ 
4 Ge 7I7e invertase OFFFEDASHK, CHSE 
PRAIC 38) 3 RPA Te Se PE OVEFT IT OV CE 
BICIBZEL CH < 24 0 CHS fe 43s phosphory- 
lase 77YOPEMICOM Cl, Beto cH et 
Do 

REICH SNEAAMTECRAORERT 
Do 
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Summary 


1) The absorption of sugars from artificial culture media and enzymes reac- 
tions in the pollen were investigated with paper chromatographic method. 

2) The pollen of Lilium and Impatiens absorbed only sucrose from the culture 
media throughout their growth (Fig. 1). 

3) By addition of pollen juice of Liliwm longiflorum Thunb. to the solution of 
soluble starch, glucose, maltose and some other unknown sugars were regularly 
produced, while the color of iodine reaction of this solution turned into yellow 
brown from blue (Fig. 4). 

4) By addition of pollen juice of Lilium and Impatiens to sucrose solution, 
_ glucose and fructose were produced, then sucrose was regularly removed (Fig. 4). 
It may be said that these pollens have some amylase and invertase. 


5| Ax m 


1) SyePes, ABE 69: 91 (1956). 2) BAM, Mow=, BHE 4: 3 (1954). 3) BAG, AaHE CEN 
Jale#) (1956). 4) Paton, J. B., Amer. Jour. Bot. 8: 471 (1921). 
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Hayashi ONO and Yoso KONAGAMITsu: The Formation of Starch 
in the Isolated Chloroplasts II. 


SHEILA -c chloroplast, cytoplasm {A 
#vl2 4 phosphorylase Z:7F7EL, TOPERIVE 
FEP IES OAW RA OAL LOC HA RMIAAD 
AETEN AVEDA LIC LOC PHSBHe A SDIEL 
ko Mb Riin - HRAEKCBON-_KBOAM|AL OV 
BE Stv7e chloroplast -— cytoplasm (2/(E]E - fe 
PC BHMEROGE LO & starch OPE 
BBLS RCHS. Lek th BROOK st 
chloroplast -° cytoplasm 2% #qy.b RHE & 
OHMIC THINS L, WER KSC el Se (LER LL 
7%&ODLO% phosphorylase OfEAIC— Bays 


* JUINAFBE REZ ASS (Biological Labo- 
ratory, General Education Departme nt, Kyushu 
University). 


WICH Bo fA (aM IPI oO phosphory- 
lase ~ amylase O/EH(MIINOKSE av 
BE OAhICRASh, LOAB(hC LOT phos- 
phorylase & amylase O/EH OARS 
SeWDC Lo La lLkSoORRORAStO 
EXHE DGD E EANTE Ch S. BRULEE 
(LORE, RSREA t EE CLAFORSBON 
FReDICT SAIC MTL OVBES HF: chloro- 
plast <6 cytoplasm starch 25%, phos- 
Phorylase O /FAICAICHAT SZ & Bt amy- 
las2 -~P phosphatase O/H Rtn SERS 
Alc S HgCle © NaF +GHALCIEKL 
HO RR LY MAJGPIC 3st B phosphorylase, 
amylase, phosphatase ©/E RBS (R240 ABH 
RID CROMER DATAICRETS 9 


a 
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RRUHEAE 

BUS! CsI Z LIRIK Bryophyllum, Rapha- 
nus OBRPELLCHY, LOK Trifolium, 
Plantago, Solanum > Erigeron D#% FAV +t, 
HAM SAle Uc, 10-3~10-5 Mol. © NaF & 
HgClo 4A Lf, HgCl, © 10-3Mol. LLED 
fiUeBe(k phosphorylase OfEHeILStSZ. NM 
0.01% ® 2,4-dinitrophenol - rhodamin B 
WMOPB tik. RERICBHAL «-amylase 
tk Meyer (1948) OBIT L OMERL b FAB L, 
B-amylase (t Balls (1948) DAHIZL b HLED 
SM LK COMOAERIZAM Ct cA 
EEC Do 


RRRRCZR 


1, HgCl & NaF %MoOwE: 2-5 ASAT 
esol RAKED 5b JEREZ IZ chloroplast © 
cytoplasm “Git G-l-P #2€8i 0m starch 23 
Wit SIL45Ai% SZ phosphorylase OfEHIE 
DCH. RLLOBESEHAI HgCh, NaF 
HYIMT SX starch OPI SH, BIT 
chloroplast £4 4 cytoplasm KisWCH#UW 
(Table 1), Ai##-GHBI LRRICEREC BO 
REI 0 ERS NK OMAR ICSDHNE LO 
£9 starch 2ik << #RSNS}AS, LOB HgCh, 
NaF OY starch OPA BieeE SH 
4, Cavl(k phosphorylase D4 OOlEHWA: 
HERFIZ Fs CHEE STRAT 0 

—jR HgCle (k amylase (Nakamura, 1952), 
NaF (i phosphatase (Porter, 1953, etc.) D 
RSAC UCH bn CWS, CH CHEOM 
Al OYSM(k phosphorylase (EHeATS amy- 
las2 © phosphatase O/ERVSHEL, ZORER 


Table 1. The effect of HgClz and NaF on 
chloroplasts and cytoplasm from 


phosphorylase OfFHOAZ EN, chloroplast 
© cytoplasm FAM starch FBptAvEESHS, 

ER OST T MID PIIT HS C EE PIED A ( LOR 
CREST OKRA AYRE LOCEL LCE 
FAD SHESSR (PHS GS LV 45 SE PILID 
DBeEEATS4EOCHS. MoDRAMMMIBA. 
OKRI AYRE LOOKED, FOE 
+f. phosphorylase O/EHlLKETRAAS amylase 
PPEALD ERAS. ASAT ClLwHIC MIA OWS 4 
AYUSRE(XV) ETE O phosphorylase OfERIi/ 
&ir 9 amylase OfERILALE RA. EOP: 
CME SNktOLO 4, HRC BDH 
fad: 6 ieee Saf chloroplast -© cytoplasm |< 
phosphorylase D{EPEEAXKEH YO starch Hat 
42¢, M HgClo © NaF MO¥jNI-G phosphory- 
lase (CHEHTANIC VERS SS amylase, phosphatase 
OVER 2ER < AIC Phosphorylase O/EFA Ai Ze 23 5R 
<BNZ90CHS. MATICBONKLOY amy- 
lase OfERICSHBSSNT, TOES GlE phos- 
phorylase OfEHAHRN ira, SRBAIOWMSC 
phosphorylase Of/EHOAAEANSZ AIC starch 
DIM S114 0 

Athy NaF ORIG starch OFA MEE Sr 
AHH ICEAL TC, CHI phosphorylase  phos- 
phatase IC k 4 ROMS eR << BROMINE 
phosphatase (ER OPRAICL 0 R= AT NOG 
FADO, WRIA AYRE RES SEC BVT 
Free P/G-1-P DE@RACROAI AEDES 
#041112 _ fe BIC starch OMA ADCHS> 

HgClg & NaF (& in vitro (C4s\>c phosphory- 
las2 OfEFA-S, starch FZpKe eve LAVUED OS 
ie <, BEAR tO CHAE AARN OD, 
in vivo ©, HER chloroplast -P cyto- 
plasm (Cis COHNBSOWRIMTC starch PALE 


the formation of starch in the isolated 
the leaves of Raphanus sativus L. 


In dark In light 
Chloroplasts Cytoplasm Chloroplasts Cytoplasm | 
Control + + Se + ~ + 
HgCl2 + ee ir Tim tt tt 
NaF + +~ Ht +t tt 
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Table 2. The effect of HgCle and NaF on the formation of starch in isolated chloroplasts 
and cytoplasm from the leaves of various plants kept in the dark three days. 


Materials Parts Control HgCle NaF 

ses Chloroplasts —-~ + it £ 

Trifolium repens L. Gyloplasn rs H mn 
: Chloroplasts —~t ae sey 

Plantago major L. Cepeetagmn i si 4 
b L Chloroplasts —-~t t+~ t+ seo ee de 

Solanum tuberosum L. Cotopiaam m au mn 
Eri L Chloroplasts —-~Ht t+~t Eee ae 

vigeron annuus L. Corosinam ” 4 4 


Table 3. The effects of 2, 4-dinitrophenol and rhodamin B on the formation 
of starch in the chloroplasts and cytoplasm isolated from the leaves of 


Raphanus sativus L. that kept in the dark 2-5 days. 


Chloroplasts Cytoplasm 
Control + ae 
2, 4-Dinitrophenol + 
Rhodamin B +~ + 4 ~ tt 


Table 4. The effect of amylase on the formation of starch in the chloroplasts 


and cytoplasm isolated from the leaves. 


Materials Raphanus sativus L. Bryophyllum calycinum S. 
Treatment Dark | Light Dark 

Parts Chloroplasts, Cytoplasm Chloroplasts| Cytoplasm | Chloroplasts) Cytoplasm 
Control (G-1-P) de + ~ 4 4+ +4 + 

G-l-P+ «-amylase - + + +-~ + + 
G-1-P+$-amylase — - + ae + = 


ESNAZV(t, ZHEOWMRAIPE phosphorylase 
OPER (EET SLO Cie <, EMEA Ce 
So Rl >MYAG phosphorylase O/EAIC HE, 
ECA SSR EROTIC ALO CE 
4o_ Table 1 2eUs 2 CHA AIT HgCle ~ NaF 
Owe MC starch Opkk-chloroplass Los 
cytoplasm (CisWyC#UC (BESNS, ENIt 
cytoplasm “C(LLE0 My RaTTH amylase © 


phosphatase & #ith LfeEH]&bLSed 428, chloro- 
plast GitHeHRT SRA O PSA OB 
ArSAIF 54 amylas2 © phosphatase (CF 
TRLAH/EAUD® cytoplasm ORD RICH < TeV: 
StHbNS, RAY CHE LERIK AMES 
(i chloroplast £5 4 cytoplasm FRIc¥s\.T 
phosphorylase DYEPEREAARSZACHS. 

2. 2, 4-dinitrophenol + rhodaminB yo 


April 1956 


wea: Table 3 CAT HIC SSOMRoOMMs 
WEB Siz chloroplast -© cytoplasm starch 
Wate RISE (EME LIC rhodamin B ¥KMowy 
ROSE LW, M chloroplast £4 cytoplasm 
egslocT EC (EESILS_ crhodamin B OAH 
FY chloroplast © starch JBpt(@stEVERICOV 
Clk, TEA iCkO MSHS, HAH 
Sixes S tf. chloroplast C3s\oc 4 MECH 
Do 

3. amylase YEINOwSi: FLjQMJIO starch 
WZBMA* B-amylase OYRMCLLA Sh, A in vitro 
Glk a- Mik B-amylase D¥KHI-G phosphorylase 
PPR 2 56S CSAS SB 1S BICOW CBO (REIT 
WEL tio VBE chloroplast , 
cytoplasm -Gik Table 4 ICRLERIC «-, B- 
amylase DYRPG starch F4se(EBL ¢ MRS 
Keo RIDSER ORE L O WEBER HF chloroplast 
“© cytoplasm @ phosphorylase /efA(iHSMLEB 
DOLD SARA, LOPS amylase DYRMG 
phosphorylase ® starch JZat(EHIXtHeSh, 
Re cytoplasm (C$s\»C#L\, MZ B-amylase 
DYSIN CSL < MAB She. HgCle © NaF DK 
Ju-G cytoplasm ® starch j#s%2S chloroplast 
£O 4fEHES NF Lihlc amylase DY¥jN-G cyto- 
plasm (C3slt 4 phosphorylase DER ASU < 
BH=2 S74, HED chloroplast + cytoplasm 
® phosphorylase OfEHA*s amylase OYEPIG 
HAZ OltaAivk & RIC chloroplast DiRDFFEIZ 
LoRADHHOACHS.— aamylase OLAE 
Faas chloroplast £4 4 cytoplasm (C#®\V .Ss(r 
a-amy ase #3 B-amylase (Cisit4 MICA 
Alicis\>c phosphorylase O/FARICH BRE 
ESSERE EFOCW SOLER. amylase + 
jus ARI chloroplast PITH SA v7: starch 
(LZ OBIE amylas? SYIMLTC FKL 


Bot. Mag. Tokyo, Vol. 69, No. 814 205 


if 


MPAs. C starch?sugar OHA HAIT 
884d 4 phosphorylase, amylase -~ phospha- 
tase D/H FABRIS TE DAF IC 38> C ERICA 
Sn, FMLREBCWOS, RUMMREOME - 
JEP OD HAS EEA DYE ILI Be PSS 
fEBROER ELT. HSEMLEREFITRUT 
ie 2: HEE L chloroplast ~@ cytoplasm # iff 
Ds b eB Rat, HgClp ~~ NaF ® amylase © 
phosphatase OMsahh Ale M2 SSC LOT 
phosphorylase (274% Luieasie < BES SEA HSK 
4. ASMEEL MHIGAD amylase fee TMT 
phosphorylase OfERAA: PtvinV KO 404 
HgClo &iiz amylase (EH XPR< BIC LOC 
Bit SF ute chloroplast-@ cytoplasm \C phospho- 
rylase © starch FUSER & BAH St S SAS HSE 
4, NaF ORM AHAA & OBES I7e chloro- 
plast © cytoplasm ® phosphatase D/eA# 
BR#21LLphosphorylase ® starch JZ fete 
fERWAAS, LOWHO—D(z, phosphorylase 
OVER xIRHS 4S phosphatase OfEA2PR< 
Hei, fi phosphatase (FAI OAC 
LOCBR= 7 F 1 OBBE KLE OK IT 
YEU S free P/G-l-P Oi-@x HET 
4c starch OMA SNS40LB26 
1S, MRA «- © B-amylase DYEMIZ LOT 
HH k OEE RIvZ chloroplast -© cytoplasm 
® starch F¥pgia24#_ < PARES SHS. 

starch #pt- > MRC PBST ACEO BSe(Es 
TICS HREUPE AN BRAS 5, BELCHHHTS 
BESRO PEPPER TIZ9DE Pim OI Beh AD 
BME, ROUEPBEOBEL ORE Sh SAE 
ASA OA, BRC TKS 4 a yBEOAIL CRE 
SNS tW5 BRA, CHEER OPARRE Bh 
SEC LE OHA CHSo 


Es 


Summary 


1. The formation of starch in the isolated chloroplasts and cytoplasm was 
accerelated by the addition of HgClz that inhibits the action of amylase. 

2. The addition of NaF that inhibits the action of phosphatase also accere- 
lates the formation of starch in the isolated chloroplasts and cytoplasm. 

3. These reagents are effective in concentrations of 10-3—10-5 Mol. as 
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inhibitors. 
4. The addition of these reagents does not accerelate the starch forming 


action of phosphorylase im vitro, but the elimination of amylase and phosphatase 
activity by the treatment correlatively and indirectly accerelates the action of 
phosphorylase. 

5. The addition of rhodamin B and 2,4-dinitrophenol accerelates the forma- 
tion of starch in the isolated chloroplasts and cytoplasm. 

6. The addition of amylase inhibits the formation of starch in the isolated chloro- 
plasts and especially in cytoplasm and in this case the inhibitory action is stronger 
in 8-amylase than in a-amylase. 

7. There exists the antagonistic relation concerning the action of phosphory- 
lase, amylase and phosphatase, and this relation is controlled by the change of 


hydrogen ion concentration in the cell. 
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Contributio ad Floram Asiaticam Novam-Guineam inclusem 


acutore Tetsuo KOYAMA* 


LGR: TY OF INO BS 
Acceptum Martio 10, 1956 


Carex hypolytrifolia T. Koyama, spec. nova ad sectionem Mapaniifoliae; omnibus 
speciebus in hac sectione huc usque descriptas habitu multo minore, foliis brevioribus 
angustioribusque flaccidis tenuibus, paniculis partialibus laxioribus ita rachi visibili 
valde dissimilis est. (Fig. 1) 

Perennis haud caespitans, rhizomate crassiusculo lignoso collo ascendente squamis 
fuscis obtecto, radicibus validis. Folia omnia radicaria ex unico rhizomate circa 7 
fascicularia late linearia usque linearioblanceolata 28-52 cm longa medio 15-20 mm 
lata laete viridia flaccida plana praeter margines minute scabres laevia apice 


Fig. 1. Carex hypolytrifolia, n. sp. a. spicula; b. bracteola 

spiculae; c. prophyllum basis spiculae; d. squama floris 

foeminei; e, utriculus; f. nux cum stylo; g. os rostri utriculi. 
subsensim breviuscule acuta basi in vaginas breves antice fulvohyalinas dorso 
purpurascentinervatas gradatim attenuantia. Vaginae basilares aphyllae vaginiformes 
membranaceae fuscae non fibrososolutae. Culmus centralis e fasciculo foliorum 
solitarius erectus 4-5 dm altus graciles 1-1.5 mm crassus obtuse trigonus laevissimus. 
Inflorescentia erecta paniculata decomposita subcontigua oblonga 15 cm longa 4 cm 
lata; paniculae partiales 3 singulae ovoideae erectae 3-6 cm longae 2.5-4 cm latae 
densiusculae 3-5-spicatae longe exsertopedunculatae, pedunculis acute triquetris ad 
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angulo hirtoscabris, vach7 acute triquetra scabrangula ; bracteae vaginantes inferior sub- 
foliacea, lamina ad 8 cm longa 6 cm lata paniculam secundariam suam superante, 
vagina ad 2.5 cm longa, superior subspathacea panicula sua multo previor. Spicae 
ellipsoideae pluri-(3-7-)spiculosae patentes subsessiles, vachi e prophyllo ochreiforme 
tenuimembranaceo enata hispidangula, bracteolis squamiformibus dorso breviter 
hispidis apice scabroaristatis. Spiculae androgynae rectangulariter divergentes 
ovoideae 8-10 mm longae maturitate 5-7 mm crassae dense multiflorae, parte foe- 
minei 3-6-flora e4 mascula ellipsoided multiflora breviore; prophylla spathaceoutri- 
culiformia membranacea fulva superne sparsim hispidula, bracteolis eae spicarum 
similibus. Squamae foemineae lanceolatae vel oblongolanceolatae 3.8-4.5 mm longae 
0.8-1.2 mm latae membranaceae inferne glabrae superne minute hirsutae dilute 
fulvae a basi ad apicem acutiusculam hyalinam utrinque sensim attenuantes dorso 
subaequliter pluri-(ad 17-) nerviae. Utriculi maturitate patentes squamam superantes 
6-7 mm longi 1.5 mm lati membranacei olivaceovirentes praeter costas 2 tenuiter 
multinervosi a medio ad apicem hispidi, e parte inferiore rhomboideo-ovale vere tri- 
gona basi subito cuneatocontracta subestipitata apice etiam subito attenuata in 
rostrum gracile perlongum 3-3.5 mm longum 0.2 mm latum primo erectum demum 
plerumque flxuosum ad angulos sparasim spinulosohispidum transeuntes, ove hyalino 
scabrido profunde oblique fisso. Mux arcte inclusa late rhomboidea 2-2.2 mm longa 
15 mm lata vere triquetra facie concaviuscula atrofusca ad angulos prominentes 
flavida apice basique abrupte cuneatocontracta; stylus longus gracilis flexuosus basi 
breviter conicoincrassatus, stigmatibus 3 recurvis brevibus papulosis. 


A N NA: Bun Mo, 800m. alt Leg. B. Hayata, sin. num.! —holotypus in TI. 


Carex megacarpa T. Koyama, spec. nova in 
sectione Graciles; proxime ad hanc speciem accedit 
C. nachiana Ohwi ex Japonia descripta, tamen a 
planta javanensi utriculis late ovalibus 3.5-4 mm 
longis, habitu elatiore etc. satis distinguitur, et C. 
autumnalis Ohwi, etiam planta Japoniae australis, 
est valde distincta ab hac spiculis sexu distinctis, 
utriculis vix 3 mm longis. —? C. brunnea Thunb. 

var. dolichocarpa Nelmes in Kew Bull. 1950: 201 
es ia ta (1950), e descriptione. (Fig. 2) mesmo, 
fostitael: <b cutriauliza? ae Perennis, rhizomate abbreviato lignoso perdense 
nux. (Kostermans, 6231) caespitoso, radicibus validis. Culm erecti 60-100 


cm alti vere triquetri sursum scabridi nutantes inferne laeviusculi remote 
1-3-foliati basi vaginis obtecti. Vaginae basilares aphyllae vel laminatae fuscobrun- 
neae dorso demum in fibras sparse solutae antice membranaceae dein in fibras 


reticulatim fissae. Folia radicalia culmorumque linearia 1/2-2/3-culmo aequilonga ' 


2-3 mm lata plana vel subconduplicata scabrida apice longissime acuminata basi 


ae 
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in vaginas longas (5-7 cm in foliis culmorum) antice tenuimembranaceas fulvas 
reticulatim nervulosas vix attenuata. Spiculae 8-13 superiores singulae geminaeve 
inferiores in paniculis secundariis perlaxis dispositae paniculam gracilem formantes, 
omnes androgynae oblongo- vel vere cylindricae 1.5-3 cm longae maturitate 3-4 mm 
crassae densiuscule pluriflorae, parte foeminea ea mascula 2-4-plo superante, peduncu- 
lo gracili scabro longe exserto. Bracteae inferiores subfoliaceae panicula partiali 
sua paullo longiores basi longe vaginantes, caeterae bracteolaeque spathaceae margine 
anguste fulvomembranaceae apice interdum aristatae. Squamae foemineae ovatc- 
ellipticae vel ellipticae 3-3.5 mm longae ca. 1.55 mm latae tenuiter membranaceae 
medio minute fuscolineolatae latere fuscotinctae margine peranguste hyalinae apice 
acutiusculae obtusiusculaeve, carina late virente uninervia. Utriculi squama longiore 
latioreque suberecti ovato-oblongi vel oblongeoelliptici 4-5.5 (-6) mm _ longi 
medio 1.3-1.5 mm lati planoconvexi vel biconvexi membranacei distincte plurinervosi 
maturitate fulvi, praecipue supra medium marginibusque versus apicem_hispiduli, 
deorsum subsensim contracti in stipitem glabrym 1/2-2/3 mm longam, sursum sensim 
contracti in rostrum rectum 1.5-2 mm longum antrorsim hispiduloscabrum, ove 
hyalino oblique fisso. Nux arcte inclusa ovalis 2.5-3 mm longa 1.4-1.7 mm lata 
biconvexa flavens apice basique rotunda mucronulata, stylo longo recto basi sub- 
aequali, stigmatibus 2 rostro paullo longioribus. 


J a v A: in sylva montis, Lawn super Tjimcrosewu, Sarangan. Leg. J. H. Kern, 
8672 !—holotypus in TNS. Sine loco speciali. Leg. Kostermans, 6231 !. 


Carex (/schnostachyae) ischnostachya Steudel 

var. fastigiata T. Koyama, var. nova, a typo diversa utriculis non vel brevissime 
rostratis 2.8~3.5 mm longis, spiculis <uperioribus 2-5 apice culmi fastigiatis. C. 
subtumida Ohwi ab hac recedit habitu robustiore, culmo valde scabro, rhizomate 


longe stolonifero etc. 


Rywu«kyu:m. Tanimadake, Hajimura in ins. Okinawa. Leg. T. Amano, 
7586 !—hyiotypus in TI. 


Carex (Stellulatae) omiana Franchet et Savatier 
var. perileia (S. T. Blake) T. Koyama, stat. nov.—C. perileia S. T. Blake in 
Journ. Arn. Arbor. 28: 102 (1947); Nelmes in Reinwardtia 1: 441 (1951). Distrib. 


in Nova-Guinea endemica. 


Eriocaulon Omuranum T. Koyama, spec. nova e sectione Spathofeplus ; E. Takae 
Koidz. et E. hondoensi Satake proximum videtur, tamen ab hoc bracteis involucri 
apice acutissimis non dentatis floribus duplo.superantibus medio latiuscule viridibus 
et ab illo habitu-multo minore, petalis intus glaberrimis recedit. (Fig. 3) 

Annuum gracile acaulescens, vadicibus fibrosis albis transverse septatis.  Folza 
pauca linearia 1/2-1 mm lata 5.5-12 cm longa flaccida. circiter 4-nervata sep- 
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tatonodulosa versus apicem longe acuminatam gradatim attenuantia. Pedunculi 
1-4 ex unica planta erecti capillares 10-15 cm alti vix torti 4-costati, costis anguste 
membranaceis. Vaginae basilares basem pedunculi perlaxe circumdantes cylindricae 
1.5-4.5 cm alti 1-1.7 mm lati septatonodulosae apice hyalinae oblique fissae. Capitulum 
turbinatum 4.5-5.5 mm altum 4-6 mm in diametro omnino glaberrimum 9-17-florum ; 
bracteae involucrantes (4-) 5-6 erectopatentes lanceolatae vel anguste lanceolatae 
2.546 mm longae 0.8-1.2 mm latae sursum gradatim attenuatae apice longe subu- 
latocuspidatae medio late virides membranaceae marginibus utrinque latiuscule 
albohyalinae; veceptacrum glabrum. Flores foeminei marginales cum stipite circiter 
1/2 mm longo 3.7 mm longi; bractea lanceolata oblongolanceolatave hyalina pallida 
25 mm longa apice acutiuscula; calyx ovalis 
2.3 mm longus hyalinus pallidus obsoletissime 
trinervulosus ex toto glaberrimus apice contrac- 
tus. tridentatus, dentibus deltoideis centrale 
quam laterales 2 breviore angustioreque omnibus 
glabris ; petala 3 libera lanceolata vel ovatolan- 
ceolata alba 3.5 mm longa calycem paullo ex- 
cedentia basi subabrupte contracta stipitata 
intus extraque glabra apice acutiuscula mucro- 
nata glandula unica coronata; ovarium. trilo- 
culare, stylo longo recto, stigmatibus 3. Flores 
masculi centrales 1.7 mm longi; bractea ob- 
lanceolata hyalina pallida flore paullo brevior 


apice rotunda; calyx spathiformis hyalinus d 
pallidus apice obtusus vel leviter emarginatus 


omnino glaber; corolla subteres apice trilobata, Fig, 3, firiocawlon Cymscx crema 


; : i : : sp. a. bractea involucri; b. flos 
lobis aequalibus oblongis obtusis; stamina 6 foemineus cum bractea sua: c 
el of 


lobis corollae longiora, antherae globosae nigrae. ejusdem calyx ; d. ejusdem petalum; 
{ialp ONGGA- circa, lacum™@Shwamabeke e. pistilum ; f. bractea floris masculi; 
? . 
’ g. calyx floris masculi; h. corolla 
Honshu. Leg. Toshiro Omura, 6 aug., 1951 !— floris masculi cum staminibus. 
holotypus in TNS. Omnes e typo delineabantur. 


Scirpus Ohwianus T. Koyama, spec. nova e vicinia Scirpit juncoidei Roxb. a qua 
nuce obovata non orbiculare, spiculis pluribus densius floriferis culmis robustioribus 
ample distinctus—‘ S. juncoides (non Roxb.)’: Ohwi in Mem. Coll. Sci. Kyoto Imper. 
Univers. ser. B, 18 (1):113 (1943), pro parte, excl. var. Hotarui Ohwi. (Fig. 4) 

Herba annua caespitans fere erhizomata, radicibus fibrosis multis fuscescentibus. 
Culmi erecti 3-6 dm alti 1.2-4 (raro ad 5) mm crassi tereti obscure pluricostulati 
laeves laete virides opaci basi vaginis paucis obsiti. Folia omnia in vagias aphyllas 
reducta. Vaginae basilares inferiores tenuiter membranaceae fuscae squamiformes 
usque subspathaceae apice profunde oblique fissae obtusae vel plus minus emar- 
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ginatetae, superiores cylindricae, summa ad 13 cm longa dorso viridis antice 
hyalina ore oblique secta mucronata. JInflorescentia pseudolateralis capitatocontra- 
cta (1-) 2-9 (-12)-spiculosa. Bractea unica teres culmum continuans erecta 5-15 cm 
longa. inferne antice unisulcata. Spiculae oblongocylindricae radiantes 9-18 mm 
longae 3.5-5 mm in diametro dense pluriflorae fulvovirentes. Squamae imbricatim 
dispositae spissae ovales 3.5-4 mm longae 1.8-2:7-mm latae valde naviculares mem- 
branaceae latere utrinque fulvotinctae apice rotundatae otusae vel emarginatae 
mucronatae margine latiuscule albohyalinae inferne aequaliter tenuinerviae, costa 
late viridi 1-3-nervia. Nux obovata subbiconvexa 1.8-2 mm longa circiter 1.5 mm 
lata basi abrupte attenuata obdeltoidea apice rotundocontracta mucronata facie 
nitida plus minus zonatorugulosa maturitate 
nigricans. Setae hypogynae 4-6 tenues fluves- 
centes praeter partem basilarem-retrorsim sub- 
dense - spinulososcabrae, 4 nucem aequantes 
paullo superantesve, ceterae cum 1/2-2/3-nuce 
aequilongae. Stylus rectus 2-2.2 mm longus 


basi aequalis sub stigmatibus subcompressus, 
stigmatibus 2 sed saepe cum rudimento brevi 


unico ita ut videtur trifidis. Stamina 3, filamentis 


Fig. 4. Scirpus Ohwianus, n. sp. 
a, squama; b. stamen; c. nux cum planis, antheris 1.3 mm longis, connectivo del- 
setis, filamentis et stylo, postice 
visa; d.eadem cum setis styloque 
a dorso visa; e. sectio transversalis 
nucis (e typo). Kadzusa. Leg. T. Koyama, 14591 !—holotypus 


in TNS. Distrib. sp. Japonia (Honshu, Kyushu), Ryukyus. 


toideo breve. 
JAPONIA:. circa Yatsumi, Prov. 


Nota: Haec species cum Scivpo Hotarui Ohwi saepissime confusa est, tamen 
ab illo funditus diversa est: 

A. Culmus crassior obsolete pluricostulatus; spiculae 3-7; oblongae_ breviter 

cylindricaeve; nux biconvexa, styli-ramis 2. S. Ohwianus, nD. Sp. 

AA. Culmus gracilior laevissimus non costulatus nec angulatus in vivo plus minus 

nitidulus; spiculae 1-3 ovoideae globoso-ovoideaeve; nux adpresse_ triquetra, 


facie postica concaviuscula, styli ramis semper 3, S. Hotarui Ohwi 


Poa finitima T. Koyama, spec. nova ad seriem Pratenses, a Poa shinanoana 
Ohwi lemmate antherisque brevioribus et habitu minore praecipue distat. (Fig. 5) 

Gramen perenne, stolonibus gracilibus perlongis horizontaliter repentibus fibris 
fuscis sparse obtectis. Culmus ex unico rhizomate solitarius erectus 45-55 cm altus 
 2-3-nodosus basi geniculatus circ. 1 mm crassus vaginis fuscis fulvisve obksitus, 
remote pauci-(saepissime 2)-foliatus laevis plus minus nitidulus. Folia linearia, 
laminis glabris vagina brevioribus 2-2.5 mm latis usque ad 6 cm longis, vaginis infra 
medium antice connatis 5-12 cm longis internodio brevioribus, Jzgulis hyalinis 
rotundis fere 1 mm longis. Panicula oblongo-ovata vel oblonga densiuscula sub- 
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erecta 6-12 cm longa 3.5 cm lata, ramis (2-) 3-5-nis capillaribus flexuosis scabrius- 
culis post anthesi patulis 3-5-spiculatis basi nudis. Spiculae compressae 3-4-florae cine. 


reovirentes vel purpurascenticinereae 5.5-7 mm longae; glumae 
steriles lanceolate acuminate 3-3.5: 3.7-4 mm longae trinervatae, 
nervis 2/3-3/4-glumae attingentibus, carina sursum minute 
scabra; lemmata anguste oblonga vel lanceolato-oblonga 4-4.5 
mm longa apice latiuscule hyalina acutiuscula praeter carinam 
minute scabram latere utrinque 2-nervosa basi cuneatoangustata 
lana longa cincta, carina ad 1/2 nervis marginalibus ad1/3 
proprius usque pilosis, nervo intermedio nudo; paleae lemmate 
paullo breviores 3.5-4 mm longae hyalinae apice rotundotrun- 
catae; antherae lineares 1.5-1.7 mm longae. 


Fig. 5. Poa fini- 


JaPONTA: in resione alpina montis Kiso-Komagatake, 


tima n.sp. Spicula prov. Shinano. Leg. K. Machida, s. n.!—holotypus in TI. 


(e typo). 


Uncinia Ohwiana T. Koyama, spec. nova distinctissima ex 
affinitate U. caespitosae quae spiculis multo longioribus perlaxe florentibus valde 


dissimilis est. Sectio Stenandrae. (Fig. 6) 

Perennis laxe caespitans, rhizomate breviuscule repente 
estolonifero. Culmi erecti 4-5.5 cm alti graciles rigidi acute 
triquetri striati supra medium scabri. Folia anguste linearia 
rigida 1.5-2 mm lata culmum aequantia vel paullo superantia 
plicata canaliculata margine scaberrima apice sensim attenuata 
longe acuminata. Vaginae basilares fuscae fuscorubentesve 
tigidae aphyllae inferiores subsquamiformes. Spicula solitaria 
anguste linearia 5-7 cm longa 2 (-3) mm lata perlaxe florens apice 
in partem masculam 10-15 (-20) mm longam vix attenuata, 
rhachi saltem infra medium visibili. Bractea nulla. Squama 
foeminea ovato-oblonga 5-6 mm longa rigida brunnea fuscave 
partim castanea apice acultiuscula basi fere angustata utriculum 
amplectens, costa latiuscula 1-3-nervosa resinosolineolata. 
Utriculus erectus linearioblongus vel lanceolatus squamam 
paullo superans 6-6.5 (-7) mm longus adpresse trigonus gla- 
berrimus maturitate fuscatus tenuiter plurinervulosus basi sensim 
attenuatus in stzpitem longiusculum apice subsensim attenuatus 
in vostrum breviusculum conicocylindricum, ore oblique secto 
margine anguste albohyalino. Nux arcte inclusa linearioblonga 
3-3.5 mm longa obtuse trigona apice basique subito contracta, 
stylo brevi basi paullo incrassate subconico supra medium usque 


Fig. 6. Uncinia Ohwiana, 
n. sp. a. spicula; b, 
Squama floris foeminei ; 
c. utriculus cum ra- 
cheola et stigmatibus; 
d. nux cum parte 
racheolae (e typo). 


trifido. Racheola setiformis utriculum duplo superans recta apice hamata. Fila- 


menta filiformia elongata. 


Nov a-GuiNneEa: sine loco speciali. TNS. no. 92552 !—holotypus. | 
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Summary 

In the present paper, five species and one variety of sedges, grass and pipewort 
were newly proposed and one sedge was reduced to a varietal rank. A special 
mention is necessary for a new sedge of Garciles from Java. So far as Thunberg’s 
type, Carex brunnea is characterised by somewhat yellowish-green leaves and very 
small perigynia 2.5-2.7 mm long, hence Dr. Kiikenthal once considered true C. 
brunnea to be a variety of C. gentilis. Although the species of Graciles have very 
wide deviation, the above plant from Java is not C. brunnea. Further, Malaysian 
plants treated so may possibly be quite different from C. brunnea. The abbrevia- 
tions Tl and TNS are used for the herbaria of the University of Tokyo and of 
the National Science Museum, Tokyo, respectively. 


Physiological Changes in the Germinating Seeds during 
Low Temperature Treatment II 
On the Activity of Catalase and Peroxidase 
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Introduction 
-Many biennial plants, which initiate into the reproductive growth by the long 
day-length of spring, require chilling of a certain days in the early stage of seedling. 

It is considered that the study of the physiological changes in the seedling during 
the progress of vernalization is a basic matter for dissolving the problem of the 
reproductive growth. 

On the relation between the vernalization and the enzymes, Oveckin and others 
made researches in the winter wheat, Sapoznikova’?? in Lupinus angustifolius; and 
B. Sen) investigated diastase and phosphatase in the wheat*and lipase, catalase 
and phosphatase in the mustard and diastase in the barley. 

In the present experiment the authors dealt with the determination of some 
enzyme activity, above all, catalase and peroxidase that may have a considerable 
connection with the respiration. 

It is their great pleasure to record here a debt of gratitude to Professor Hitoshi 
Kojima for his very valuable advice during the work and the authors also wish to 
express their thanks to Professor Shirakawa for his very helpful suggestions. 
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Material and Methods 


As the material the Japanese radish plant (Raphanus sativus L. var. raphanis- 
tvoides Makino, race ‘‘ Minowase”) was used. The plant rapidly initiates reproduc- 
tive growth by a low temperature treatment of 3 to 7 days at 2. tOnL0% Gs 

Seedings germinated by the usual method (1954), employed in the Botanical 
Laboratory, Faculty of Agriculture, Kyaishi University, were placed in a refrigerator 
of 5 to 7°C (“treated seedlings”) or in an incubator at 30°C (“untreated seedl- 
ings”) for a definite period of time. 

Every day both treated and untreated seedlings were taken out from the refri- 
gerator or incubator just before the experiment, and were determined of the activity 
of catalase and peroxidase. One gram of plumules which were thought to be the 
responsive part to the vernalization (1954) containing hypocotyls (except cotyledons) 
was ground down in the mortar with 7.5 ml of +5 M-phosphate buffer solution 
and 17.5 ml of distilled water. This solution was used as the enzyme solution. For 
the determination of catalase activity Okuda’s method‘) was employed and the value 


of K (which was shown by a of fresh weight of plant) was calculated according 
to the following formula: : 
K=—-* logw go 

where t is the time denoted in minutes, a and a—x are potassium permanganate 
in millilitres exhausted at 0 min. and t min., respectively. 

Okuda’s method was adapted also for measurement of peroxidase activity. Ten 
ml of peroxidase sample to be tested was mixed with 30 ml pyrogallol—H,O, solution 
(0.1g -pyrogallol plus 5 ml of 0.01N HzO, and some distilled water), and the reaction 
was interrupted after 5 minutes by the addition of 2 ml. of IN-H,SOQ,. Purpurogal- 
lin, which had been turned into yellow, was extracted with 20 ml of ether and was 
colorimetrically measured as compared with a standard solution. 


‘Experimental results and discussion 

1) Catalase activity 

Seeds of the radish plants used in this experiment are easily effected by a low 
temperature treament of 5 to 7°C for 6 days and initiate flowering. 

The changes in the catalase activity of both the treated and untreated seedlings 
are plotted in Fig. 1, where the catalase activity of the treated seedlings is always 
higher than that of the untreated ones. , 

Catalase activity of the material treated by low temperature for 6 days, at that 
time the effect of vernalization seems to complete, showed the lowest value of 
activity (Fig. 1 ), and no further lower activity could be recognized in the curve of 
Fig. 2. 


Between the peroxidase activity, which will be shown later, and the catalase 
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Catalase activity of the seedling 
subjected to low temperature (5~ 
7°C) treatment 


& Catalase activity of the unsubjected 
(control 30°C) 
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Catalase activity of the seedl- 
ing subjected to low tempera- 
ture treatment 


9 3 tf 10 3 
p.m. am. am. am. p.m. 


Duration of the low temperature treatment 


Fig. 2. The change of catalase activity from the 5th to 6th 


day of vernalization 
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activity, there existed a 
reversal relationship in the 
process of the low tempera- 
ture treatment. 

Oveckin and others” 
Sapoznikova™ and B. Sen ‘? 
described that the activiti- 
es of catalase and pero- 
xidase are valuable for 
distinguishing — vernalized 
seeds from unvernalized 
ones. ‘They reported also 
that catalase activity of 
the treated seedling is 
always higher than that 
of the untreated one; this 
result is in accord with 
that of the present experi- 
ment. 

2) Peroxidase activity 

Some material used 
in this measurement was 
the seed, which could be 
vernalized by the low 
temperature treatment 
after about 7th day from 
the beginning of the treat- 
ment. 

Peroxidase activity of 
the treated seeedling was 
generally higher than that 
of the untreated one as 
seen in Fig. 3. 

There was an ascent 
of the activity of peroxi- 


dase beginning from about the 6th day of the low temperature treatment onwards ; 
and it was thought that after that day the vernalization should be seemingly accom- 


plished. 


~ On the other hand, seeds that began to show the effect of vernalization after 
about 5th day of the low temperature treatment, showed a remarkable increase in the 
peroxidase activity after about 5th day of the treatment. It seems likely that there 
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Peroxidase activity of 
the seedling subjected to 
low temperature (4~7° 


mor 6 0 C) treatment 


Peroxidase activity of 
the unsubjected (cont- 
rol: 23~24°C) 


Peroxidase activity 


0 Lise 2 ee Some As 5 6 th tse 


Duration of the low temperature treatment 


Fig. 3. The change of peroxidase activity during the course 
of vernalization 


is a close relation between 
peroxidase activity and vernali- 
zation. 

The change in peroxidase 
activity of the treated seedling 
is more conspicuous than that 
in catalase activity of the same 
seedling. However, as is the 
case with catalase, the peroxi- 
dase activity of seedling sub- 
jected to low temperature is 
higher than that of the unsub- 
jected seedling. Knox and 
others® studied on the relation 
between the catalase and the 
peroxidase but the problem is 
not yet completely elucidated. 


Summary 
Activity of catalase and 
peroxidase in the seedling of 
radish plants (Raphanus sativus 
L. var. raphanistroides Makino, 


race “ Minowase”) during low temperature treatment was measured. 


It was found that the activities of the catalase and the peroxidase in the seed- 


ling under the low temperature treatment are always higher than those in the un- 


treated seedling. 


But the catalase activity falls gradually with the progress of time in both the 
seedling subjected to the low temperature treatment and the unsubjected. 


On the other hand, the peroxidase activity rises sharply on the day when the 


effect of vernalization tegins to appear. 


It may be assumed that the rise in peroxidase activity on the day, when the 
low temperature treatment takes place, has some relation to the vernalization. 
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On the Ecological Meaning of Transparency for the Production 


of Matter in Phytoplankton Community of Lake 
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The turbidity in natural waters as estimated by transparency has been used 
empirically as an indicator for the comparison of productivity among various waters. 
Surveys dealing with transparency have been reported by many investigators. Such 
works, however, have not sufficiently been made from the ecological point of view. 
Consequently, the biological informations concerned with the meaning of transparency 
for the matter production by green plant are scanty at present. The turbidity plays 
a leading role in determining the quantity of light transmission in the lake, so that 
the general effect of turbidity on the aquatic plant manifests itself in the restric- 
tion of photosynthetic process on which the production of organic matter in lake 
depends. From this point of view, the basic clue to analysis of the ecological meaning 
of transparency for the biological production may be found in the relationship 
between the photosynthesis and the intensity of illumination. The present paper 
deals with studies on the ecological meaning of transparency for the production of 
matter in phytoplankton community of lake. 


Transparency and its relation to the light penetration in the lake 
It has well been known that the light intensity in lake can be expressed by 
Lamberr-Beer’s law: 


| ee) eS ESEECSSET GD) 


in which I, is the initial light intensity, I, the light intensity at water depth (x), 
and @ the extinction coefficient of lake water, respectively. Kikuchi (1935) recogniz- 
ed the following relation between the transparency (t) and the extinction coefficient 


(a) of lake water : 
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Fig. 1. Transparency and light intensity 
in lakes. 

The figures on the curves indicate the 
depth of transparency. 

A: Sugao, June (1951) B: Suwa, 
October (1949) C: Nakanuma, June 
(1950) D: Suwa, July (1949) E: Naka- 
numa, December (1950) F: Nakanuma, 
September(1950) G: Yamanaka, Septem- 
ber (1950) H: Tatenoumi, December 
(1948) I:Motosu, November, (1949) 
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Fig. 2. Relation between transparency 
and extinction coefficient in lakes. 
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In order to confirm Kikuchi’s result, 
the author measured the transparency 
and the light penetration at several 
lakes of central Japan. Transparency 
was determined with Secchi’s disc, 
and the light penetration with electric 
photometer (Toshiba). The results 
are summarized in Fig. 1. The light 
intensity diminished with increasing 
depth and reached at the depth of 
transparency 12 to 18 % (mean value 
was ca. 15 %) of the surface light 
intensity. From these observations, 
15 % may be allowed as a general 
value at the depth of transparency in 
lake. If = =015, then gate which 
conforms with the equation (2). The 
relation between transparency and ex- 
tinction coefficient measured at several 
lakes is shown in Fig. 2. As pointed out 
by Hanaoka (1955), the values of light 
intensity at the depth of transparency 
in various waters do not always 
coincide each other. If above rela- 
tion can be regarded as a_ general 
tule, at least in lakes, @ can be 
given from the transparency by the 
equation (2) and putting the value into 
the equation (1), we shall get the light 
intensities at different depths of lake 
with the transparency. Therefore, 
we can obtain the light intensity in 
lake indirectly by the measurement 
of transparency. 


Relation between the transparency and the standing crop of phytoplankton 


The transparency is determined by the quantity of seston and shows considera- 


ble variation with the seasonal change. 


Several workers have already examined 


the relation between the transparency and the suspended matter in lake CYoshimura 
(1937), Chandler (1942), Hogetsu et al. (1952), Verduin (1954)), and it has been shown 
that there is an inverse relation between them. The author made some researches on 
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the effect of the amount of seston upon the transparency in lake. The measuring 
method of seston was the same as employed in the previous paper (Hogetsu and 
Ichimura 1954). The results are illustrated in Fig. 3, in which curvilinear relation- 
ship between the amount of seston and 
the transparecy can be recognized. As the 
seston consists of two components [Bioses- 
ton and Abioseston-Welch, (1952)], the 
results do not indicate exactly enough the 
amount of phytoplankton. For this reason 
the chlorophyll content in the unit volume of 
lake water containing phytoplankton has 


Transparency in 


recently been determined for the quantita- 
tive measurement of phytoplankton. 


The author (1956) suggested an in- 
verse relation to exist between the trans- 


parency and the chlorophll content of eu- Lees 


; Dry weight 1 ing /€ 
trophic lake. The amount of phytoplankton 
Fig.4. Relation between trans- 


parency and amount of seston in 
chlorophyll in water [Atkins et al. 1953, lakes. 


Hogetsu and Ichimura (1954)], so that the quantitative relation may also be presumed 


can be approximately given from that of 


between the standing crop of phytoplankton and the transparency. As can be seen 
in Fig. 4, the relation between them, which was calculated from the data in pre- 
vious paper [Ichimura (1956), p. 9], can be given by following equation: 


log y=—1.493 log t —O,053-++ s+ +++ erect cee cee cee eee eee ee (3) 


in which y (mg/1) is the mean value of standing crop of phytoplankton in epilimnion. 
Of course, the equation (3) is not always fitted to every water. However, as far 
as the eutrophic or the mesotrophic lake is concerned, this equation may hold 
good under normal conditions of the lake. | 


Determination of trophogenous layer from transparency 

As the underlimit of trophogenous layer is restricted by the compensation depth, 
so the determination of the compensation depth becomes important for the study 
of the production of lake. Results of laboratory experiments carried out by many 
investigators on the photosynthesis of algae permitted to give sufficient, though 
approximate, information on the light intensity at the compensation point of algae. 
Generally it is agreed that the maximum rate of photosynthesis is found at the light 
intensity of 50 kilo-lux and that the compensation point lies at ca. 500 to 600 lux 
in green algae and 400 lux in diatoms. Therefore, the light intensity at the com- 
pensation point is about 1 to 2% of that at which maximum photosynthesis is ob- 
tained. The mean daylight intensity at noon is assessed as ca. 50 kilo-lux on a 
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Fig. 4. Relation between transparency and 
standing crop of phytoplankton in some eutrophic 
lakes. 
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fine day and 10 kilo-lux on a 
cloudy day in Japan. If 500 
lux is assumed to be the com- 
pensation light intensity of 
phytoplankton, the light pene- 
trating to the compensation 
depth may range between 1 
and 5%. From the equation 
(1) and (2), therefore, the depth 
of compensation (xc) is: 
Fine day Xc=2.4 tore (4) 
Cloudy day xc=1.6 t-::-: (5) 
Naturally, the vertical shift 
of compensation depth due to 
diurnal and seasonal change of 
sunlight occurs. Further, it 
must be noticed that the res- 
piration of plankton mea- 
sured in the field include not 
only that of phytoplankton in 


day and nighttime but also that of zooplankton and other microorganismus, whereas 


in the laboratory measurements these effects are eliminated. Consequently the light 


intensity at the compensation depth in lake may be somewhat greater than that 


Table. 1. Relation between transparency and compensation depth in lakes. 


Transparency Compensation Comp./Trans: Light intensity % 
m m at compensation 
1.6 4.1 2.6 2,7 
1.8 4.2 Zoo 3.0 
2.0 4.2 Zo 2:6 
aids 4.5 2.0 3.6 
2.4 4.5 1.9 4.8 
2.8 5.0 2.0 430108. 
3.4 OT) 2.3 2.4(?) 
Average 252 3.3 


measured in laboratory (Table 1). According to Welch (1952) and Clark (1954), 
the alternation in spectral composition at different depth is affected very widely by 
the turbidity and it has well been known that the compensation point is determined 
not only by light intensity but also by wave length. Therefore, it appears reasona- 
ble to expect that departure from the values given by these equations may occur in 
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some circumstances. As we had 4: 


already examined the equation 


(2), however, it will be said, at : 5 
least on the eutrophic or the > 
mesotrophic lake, that the com- § 9 
pensation depth of phytoplankton i 
or the trophogenous layer is about 1 


2.4 times on a fine day and 1.6 times 
on a cloudy day as large as the 0 
depth of transparency. These results 
d i i- 
had already been recognized practi Fig. 5. Relation between transparency and 


cally by some investigators. [Hoge- compensation depth in some eutrophic 
tsu (1939a), (1939b), Clarke (1946), lakes. 


Compensation depth tn m 


Hogetsu and Ichimura (1954)]. The additional evidences in support of this considera- 
tion were also obtained by the author (Fig. 5). 


Effect of turbidity upon the production in phytoplankton 
community of lake 


Mean hourly assimilation curve of phytoplankton is represented by the following 
equation (c.f. Tamiya (1951)]. 


bl 


an 1+al 
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where, q is the net assimilation, a and b are constant, I the light intensity and r the 
respiration. Daily assimilation curve can be constructed by the combination of an 
hourly assimilation curve of phytoplankton and the mean daily march of illumination 
CMonsi and Saeki (1953), Kasanaga and Monsi (1954). 

Assuming that the photosynthesis of phytoplankton does not suffer “the surface 
inhibition ”’, the daily net assimilation (q) of unit amount of phytoplankton at depth 
of x may be written from the equation (1), (2) and (4), as follows: 


— 19. 
q= LD) wearers Seige hehe bees othe C7) 


9 
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The total daily net production in a column of unit area extending from the surface 
of water to the depth(x) is given by integrating the equation (7), 


1-+-al, 


1+al,e— i 


= (2.30310 
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where p is the total net production per unit area of lake surface, y the amount of 
phytoplankton in unit volume of lake water. This equation is introduced with an 
assumption that the phytoplankter distributes homogeneously and has same photo- 
synthetic activity. If vertical circulation of water is so rapid that each phytoplank- 
ter is illuminated equally, the light intensity in equation(8) can be represented in 
epilimnion simply by the average light intensity. From the equation(3) the standing 
crop of phytoplankton is re-written as a function of transparency. 


y =0.89t 1" nes ane son bee tee cee ceviersace sae ven(Q) 


So that the quantum yield y(mg/1) may be evaluated from measurements of trans- 


parency. Equation (7) can now be stated: 


—1.49 -1.49 
P=0.89t - 5° (2.303 [og ate )—089 ete (; 
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The influence of turbidity on the production of 
phytoplankton may be evaluated by these mathema- 
tical treatment. As an example of such calculation 
the results of the measurements made on a partly 
cloudy day in summer are shown in Fig. 6, which 
indicates the relation between the depth of lake and 


A 


the net production under the various transparency. 
From Fig. 6, it will become clear that total net 
production per unit area increases with increasing 
depth of lake within the limits of the trophogenous 
layer, and reaches its maximum, when the depth of 
lake accords with that of compensation of phyto- 


Water depth in m 


plankton, and then diminishes with further increase 
of depth. 

Furthermore, the effect of turbidity upon the 
production is greater within the range of high 


turbidity than the low turbidity. Namely, it may 
be said that the total net i i 

PRPCUEHOD of lake is Fig. 6. Relation between 
determined by the volume relations between the the depth of lake and net 


epilimnion and hypolimnion under a definite trans- production of matter in 
phytoplankton community 


. ' : of lake with various 
the light intensity at the compensation depth transparency. 


approximately ranges between 1 and 5 % of that of surface. If it proves to be 
adequate, the maximum production will be calculated immediately by replacing 
x by (4) or (5) in the equation (10). 


parency. As shown in the foregoing consideration, 
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On 


The amount of feeding or 
of respiration of consumer 
(fish, zooplankton etc.) and 


> 


of decomposer (bacteria) are 
neglected in this equation. Ac- 
cording to Hogetsu and Ichim- 
ura (1954), Ichimura (1954), 
the amount of dissolved oxygen 


WN 


which is consumed by respira- 


S& 


tion of the consumer is ‘ap- 
proximately 33—120 % of the 
gross production of phytoplank- 


Gross Production CGH sglat'/alay 


ton. Therefore, it may be ex- 
pected in the application of 
this equation to natural waters 


0 that the calculated values in net 
1 vt oa 4A 5) production are much _ higher 
Tra NSParency 17 1 than that of observed. However, 


Fig. 7. Gross production of dry matter in phyto the calculated values in gross: 


plankton community of lakes with various production of phytoplankton 


transparency. Limits of seasonal productions community were approxima- 
were obtained by theoretical calculations and : q the th f 
the plots by observations in the field. (@= tely in accord with that o 
summer, @=autumn, © =winter) direct observation in the field. 


The method of direct measurement had been fully described in the previous paper 
CHogetsu and Ichimura (1954)]. Fig. 7 indicates the comparison of the calculated 
with the observed gross production. The agreement of these values indicates clearly 
that we can quantitatively compare the productive capacity of phytoplankton 
communities among various lakes on the basis of the transparency. 


Summary 

The present studies are undertaken to obtain an ecological information con- 
cerning the effect of transparency upon the matter production in phytoplankton 
community of lake and it is demonstrated both experimentally and theoretically that. 
the transparency can be used as an indicator of the productivity of lake. 

1) Under the normal condition, the relation between the amount of phytoplankton 
and the transparency is expressed quantitatively by a simple equation(3). 

2) The light penetrating in any depth is estimated approximately from the 
transparency by Beer’s equation and the depth of trophogenous layer is about 2.0 
times as large as that of transparency. 

3) The effect of turbidity upon the matter production of phytoplankton is as- 
sessed by mathematical analysis in which the rate of production is combined with 
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a daily assimilation curve of phytoplankton and daily march of the intensity of illu- 
mination in waters. The good agreements are found between the calculated and 
observed values. 

4) The effect of turbidity upon the production of matter in phytoplankton com- 
munity is more remarkable within the limits of the high turbidity than in the case of 
the low turbidity. 

5) From the above considerations, it becomes clear that the amount of the 
production of matter in phytoplankton community can be estimated indirectly from 
the transparency. 


The author wishes to express his thanks to Prof. M. Monsi and Prof. K. Hogetsu, 
under whose guidance this research has been carried out. The author also wishes 
to acknowledge with thanks the encouragement and advice of Prof. T. Miwa. 
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Studien uber Anthocyane, XXVIII. 
Papierchromatographische Ubersicht der Anthocyane im 
Pflanzenreich (III). Uber Anthocyane der Gebirgspflanzen 


von Kozo HAYASHI und Yukihide ABE* 
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Eingegangen am 24, Marz 1956 


Seitdem die von Robinson und Robinson (1) eingefiihrte Schnellmethode zur 
Identifizierung der Anthocyane in den Pflanzenextrakten zur Untersuchung von 
zahlreichen Wild und Kulturpflanzen herangezogen wurde, sind mehrere Arbeiten in 
verschiedenen Landern erschienen, die zur Erweiterung unserer Kenntnis iiber die 
Verbreitung der Anthocyane in der Natur erheblich beigetragen haben. So sind eine 
Reihe von Arbeiten von Robinson und seinen Schiilern (1,2) in England, eine Arbeit 
von Gascoigne et al. (3) in Australien, ferner Arbeiten von Forsyth und Simonds 
(4) in Trinidad (B. W. I.), und von Hayashi und Abe (5) in Japan zu nennen. In 
allen bisherigen Arbeiten bezogen sich die Versuchsobjekte hauptsachlich auf Pflanzen 
der Ebene, sodass unsere Kenntnis iiber die Anthocyanfarben zahlreicher Gebirgs- 
pflanzen heute noch recht mangelhaft ist. Um diese Lticke auszufiillen, haben 
wir uns mit diesen Pflanzen befasst. 


Material und Methode 


Der vorliegende vorlaufige Bericht umfasst 105 Pflanzen aus 34 Familien, die in 
Gebirgen von Mitteljapan einheimisch sind. Beim Einsammeln des Versuchsmaterials 
hat uns Herr S. Nakamura, Obergartner im Botanischen Garten in Nikko, vielseitig 
unterstiitzt, wofiir wir ihm zu grossem Dank verpflichtet sind. Trotz unserer 
Bemiihungen ist unsere Arbeit noch unvollstaéndig und muss in der Zukunft an Hand 
weiterer Pflanzenobjekte erganzt werden, bevor wir die Verbreitung der Anthocyane 
in der Alpenflora Japans ausfithrlich kennen lernen konnen. 

Die Aufarbeitung zur Charakterisierung des Anthocyans verlief im grossen und 
ganzen nach der bereits angegebenen, papierchromatographischen Technik (6). Hierzu 
wurden frische Bliiten bzw. Friichte mit kalter 1-proz. methanolischer Salzsaure extra- 
hiert, und die erhaltene rote Anthoacynlésung wurde auf die Startlinie eines Filtrier- 
papiers (Téyé Nr. 50, 40x40 cm) gestrichen. Unter Benutzung von einem der unten 


* Mitteilung aus dem Nationalen Institut fiir Genetik (Misima, Sizuoka-ken, Japan), Nr. 160. 
1) XXVII. Mitteil : Bot. Mag. Tokyo 68: 299 (1955). 
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beschriebenen Liésungsmittelgemischen wurde danach ein Bandchromatogramm zur 
Entwicklung gebracht. Darauf wurde jede der entstandenen Farbzonen sorgfaltig 
ausgeschnitten und gesondert mit essigsaure-haltigem Methanol auf iibliche Weise 
eluiert (hierzu vgl. Literatur (7)). Dieses Eluat wurde nach dem Ejinengen aufs 
neue zur exakten chromatographischen Analyse gebraucht. Dadurch liess sich die 
Glykosidstufe des Anthocyanins auf dem Chromatogramm gut nachweisen (8). 
Immerhin ist es auch sehr behilflich, den Verlauf der milden Hydrolyse chroma- 
tographisch naher zu verfolgen, wobei das Anthocyanin in der Regel zur Bildung 
von den niedrig glykosidifizierten Produkten stufenweise abgebaut wird. An jedem 
der Hauptbestandteile des Bliitenanthocyanins haben wir dieselbe Methode zur Bestim- 
mung von Glykosidstufen benutzt. Bei dieser Untersuchung haben sich die fol- 
genden Lésungsmittelgemische als gut bewahrt: 


Essigsdure/konz. Salzsdure/Wasser (5: 1: 5 v/v) ..........eseeeees fiir Aglykon, 
= C3 ical 8 B0 | Vs) emer fiir Glykosid, 
iso-Amylalkohol/konz. Salzsaure/Wasser (5:1: 1,v/v). ...........- fiir Aglykon 
und Glykosid, 

n-Butanol/Essigsdure/Wasser (4:1:5, V/V) .cccceeccesceeeeeeeeeeeees fiir Glykosid, 
n-Butanol/konz. Salzdure/ Wasser (7: 2:5, V/V)........:ccsceeeeeeee eee fiir aS a3 
Phenol/Wasser (9:1: in Gew.) .............0.00000 fiir methoxyl-haltiges Glykosid. 


Auf jeden Fall ist es unbedingt notig, die Bestimmung des Aglykons genauer zu 
fiihren. Hierzu arbeitet man gewohnlich auf folgende Weise: Das obige methanoli- 
sch-essigsaure Anthocyaneluat wird im Vakuum unter gelindem Erwdrmen ab- 
gedampft, der Riickstand in ein wenig 20-proz. Salzsiure aufgenommen, und durch 
kurzes Kochen (2 Min.) vollstandig hydrolysiert. Nach dem Verdiinnen mit etwas 
Wasser wird das entstandene Aglykon mit ein wenig iso-Amylalkohol entzogen, und 
die Amylalkoholphase sodann auf chromatographisches Papier beschickt. Um die 
Identifizierung der einzelnen Aglykone einwandfrei zu erzielen, empfiehlt es sich, 
die Losungen einiger authentischer Anthocyanidine als Kontrolle auf demselben 
Papier nebenbei tropfenweise hinzuzufiigen. 

Auf diese Weise konnten wir sowie die Anthocyanidine als auch die Glykosid- 
stufen der betreffenden Anthocyanine gut nachweisen. Hierbei wurde aber die 
Bestimmung der Zuckerkomponenten des Glykosids ausser Acht gelassen, weil die 
verftigbare Materialmenge meistens sehr gering war, was die Aufarbeitung nahezu 
unmoéglich machte. 


Versuchsergebebnisse 


Der Ubersichtlichkeit halber wurden die gewonnenen Daten in der untenstehenden 
Tabelle zusammengestellt, wobei die Versuchspflanzen nach dem natiirlichen Pflanzen- 
system Englers angeordnet wurden. In der Tabelle haben wir auch die Vegetations- 


zone jeder Pflanze mit der Bezeichnung A, B, C und D angegeben, wobei uns Herr 
Dr. H. Itd behilflich war. 
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Weiterhin sind die in der unten stehenden Tabelle angegebenen Bezeichnungen 
derart zu verstehen, dass sich grosse Buchstaben auf die Hauptverbreitung und kleine 
auf das Vorkommen in Minderzahl der betreffenden Pflanzen in den- genannten 
Regionen beziehen. 3 

Zieht man nun die Anthocyanidintypen in Betracht, so lassen sich unsere Daten, 
‘imsofern es sich um den Bltitenfarbstoff handelt, folgendermassen zusammenfassen: 


A: alpine Region (gegen 2400-2500 M. iib. d. Meeresspiegel), 
B: subalpine Region (um 1500-1700 M. 6 »); 


Ge montane Region (um 1000-1300 M. = 2}; 
D: basale Region Cunterhalb 1000 M. . ys 
Anthocyanidintypen* 
ad Pelargonidintypus Cyanidintypus Delphinidintypus Summe 
Vegetationszone ied | z 
To | ee eae 0 6 4 10 
Joes os ee sh 3 4 8 
1 ae ee 0 il 3 4 
[SIG Ne ee eee ne 0 12 3 15 
CS ae eRe ee ee 1 5 4 13 
BS COME  saeeadeacees 0 0 2 
C8) So eainer eeeanites 1 6 14 
13 RR a Sse 1 8 16 
Summe 4 43 35 82 


* Bezogen auf den Hauptanthocyanidin-Bestandteil. 

** Die Abkiirzungen sind wie folgt zu verstehen: A umfasst A und Ab; AB-:--:- AB und ABc; 
B--- aB, B und Bc; BC:---: aBC, BC und BCd; C::-::: bC, C, bCd und Cd; BCD.--::::: BCD; 
CD.-- -bCD und CD; D----:- cD und D. 


Freilich kénnen wir hieraus nichts Bestimmtes aussagen. Wenn man aber jede 
dervers chiedenen Vegetationszonen eingehend priift, so wird man bald darauf 
aufmerksam gemacht, dass je hoher man steigt umso mehr findet man violett- bis 
blau-bliihende Pflanzenarten, die Delphinidinfarbstoffe fiirhen miissen, wie auch von 
Th. Weevers (9) betont wurde. Dies fiihrt zu der interessanten Aufgabe, die obwal- 
tenden Beziehungen zwischen den Oxyationsstufen des Anthocyans und den extremen 
Umweltbedingungen in den Gebirgen, z.B. intensives Ultraviolett und Kalte, von 


6kologischem Gesichtspunkte aus eingehend zu analysieren. 
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Tabellarische Zusammenstellung der Anthocyane 
Nr Familien VersuchspflanzenD Pflanzenteil Farbe 
bas Pinaceae Pinus pumila Regel 2»4~ Y |weibl. Bliiten| rotbraun 
2 | Polygonaceae Tovara filiformis Thunb, TKeEF Petale rot 
Caryophyllaceae| Dianthus superbus L. var. speciosus array 
3 Reichb. BWRFFY 2 | ” ” 
4 Lychnis fulgens Fischer =mYrysY " scharlachrot 
5 L. miqueliana Rohrb. ZyVFuxueysy ” " 
Melandryum keiskei Ohwi AAEFYY " schwach 
6 rotpurpur 
7 | Ranunculaceae | Aconitum japonicum Thunb. kKvyavyrk : ” blauviolett 
Anemone nipponica Merr. YaVRALHTD | " schwach 
: Anemonopsis macrophylla Sieb. et Zucc. rotviolett 
9 VyFyvav~ | ” rotpurpur~ 
Aquilegia buergeriana Sieb. et Zucc. viCley 
10 v<wAH~% |  Sepale braunlich 
| purpur 
1 Clematis stans Sieb. et Zucc. D¥FRAY | etal2 schwach 
Thalictrum rochebrunianum | blauviolett 
12 Franch. et Sav. SIE NIA ENS PL ” schwach 
violett 
13 | Berberidaceae | Diphylleia grayi Fr. Schm. Vast 7 | Fruchthaut| blauviolett 
14 | Saxifragaceae | Hydrangea serrata Seringe Vv¥~=~z7FyY%+4 \Schaubliiten ” 
15 | Rosaceae Filipendula multijuga Maxim. LES yy | Bliten rot 
16 Prunus maximowiczii Rupr. SVTETF | Frucht dunkel rot 
17 Veh nipponica Matsum. SE ee ea ” ” 
18 Yel sargentii Rehder AAVTEZF ~~ Petale rosa 
19 Rosa acicularis Lindl. AFAAAARA NF | " 7 
20 R. acicularis Lindl. ‘ ae 
var. nipponensis Koehne RAKARNF | ” ” 
pat R. marretii Lévy. AAT7bEARF |. Frucht rot 
22 R. rugosa Thunb. ALTA Petale 7] 
23 Rubus buergeri Miquel F OSs fae mee | Frucht scharlachrot 
24 R. mesogaeus Focke pas Nes x ” dunkel rot 
25 R. pectinellus Maxim. assy 7aqFro | ” rot 
26 Re vernus Focke N= SFke4 FD . 7] ” 
27 Sanguisorba hakusanensis Makino »~AF4hYY | Bliten rotviolett 
28 Ss carnea Jveay ” rot 
29 Sieversia pentapetala Greene Fyvy7n~z | Achdinen- rotbraun 
haare 
30 Spiraea salicifolia Linn. RPE Y EIT Bliiten rot 
31 | Leguminosae Astragalus adsurgens Pall. APPEAR Y YW Petale rotpurpur 
39 Trifolium lupineaster Linn, YeI7VY ” schwach 
rotpurpur 
33 Vicia nipponica Matsum, AY NAN ” violett . 
34 | Geraniaceae Geranium erianthum DC, Fyvyz7Vv " blauviolett 


1) Lateinische Pfanzennamen wurden von Herrn Dr. H. Ité durchgesehen, wofiir wir ihm 
bestens danken. 


2) Einzelne Anthocyanidine wurden nach der sauren Hydrolyse des urspriinglichen Pflanzen- 
extraktes sogleich auf papierchromatographischem Wege nachgewiesen. 
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in den Gebirgspflanzen in Japan. - 
Anthocyanidin- sation | 
aa be } hei. ss Anthocyaninkomponente?) Sarees Nr. 
Cya3) (10) Cyanidin-gylcosid (3-Monohexosid ?) A 1 
Cya (10) Cyanidin-3-monosid (Chrysanthemin ?) (5) D 2 
+8-hexopentosid (Keracyanin ?) (5) 
Cya (10) Cyanidin-3+5-dihexosid (10) +Cya-3-monohexosid (Spur) A 3 
Pel (10) Pelargonidin-glycosid Cc 4 
Pel (10) Pelargonidin-3-monohexos'd (7) +3-hexopentosid (3) CD 5 
Cya (10) Cyanidin-glycosid (in 3 Formen) Cc 6 
Del (20) Delphinidin-glycoside (in 2 Formen) bCd 7 
Cya (10) Cyanidin-glycoside (in 4 Formen) D 8 
Cya (10) Cyanidin-3-monohexosid (Chrysanthemin?) (7) bCd 9 
+3-hexopentosid (Keracyanin?) (3) 
Del(7) +Cya(3) | Delphinidin-glycoside (in 2 Formen)+5 unbekannte BCd 10 
Flecken (Spur) 
Del (10) Delphinidin-glycoside (in 2 Formen)+unbekannt (Spur) cD als 
Cya (10) Cyanidin-glycoside (in 3 Formen) CD 12 
Cya (10) Cyanidin-3-hexopentosid (70)+3-monohexosid (Spur) B 13 
Del (20) Delphinidin-3-monohexosid (0) CD 14 
Cya (10) Cyanidin-3-monohexosid (6) +3+5-dihexosid (4) BCD 15 
Cya (10) Chrysanthemin (6)+Keracyanin (4) bCd 16 
Cya (10) ” (5)+ " (5) aBC all 
Cya (10) Cyanidin-glycoside (in 2 Formen) Cd 18 
Cya(8)+Pao0(2)/| Cyanidin-diglycosid (8)+Paonidin-diglycosid (2) A 19 
Cya (10) Cyanidin-dihexosid (Z0)+3-monohexosid (+) aB 20 
Cya (10) Cyanidin-glycosid + Leuco-cyanidin (haupt) B 21 
Cya(5)+Pao(5)| Cyanidin-glycosid (5)+Pdonidin-glycosid (5) BC ae. 
Pel(70)+Cya(+)|} Pelargonidin-glycosid (10) CD 23 
Cya (10) Chrysanthemin (7)+Keracyanin? (3) CD 24 
Pel (10) Pelargonidin-3-monohexosid (10)+Cyanidin-glycosid (Spur) CD 25 
Cya (10) Cyanidin-3-hexopentosid (Keracyanin?) (10) AB 26 
Cya (10) Cyanidin-dihexosid (10)+8-monoglycosid (Spur) A 27 
Cya (10) Cyanidin-3-monohexosid (Chrysanthemin?) + 3andere Glycoside CD 28 
Cya (10) Cyanidin-3-monohexosid (10) A 29 
Cya (10) Cyanidin-3-monohexosid (8)+3+5-dihexosid (2) (6; 30 
Del( haupt) +Cya: A 31 
Mal (7)+Del(3); Malvidin-3-monohexosid (10) bCD 32 
Mal+Del(--) | Malvidin-glycosid (10) CD 33 
Mal+Del( +) Malvidin-glycosid (9) +unbekannt (1) A 34 


8) Abkiirzungen: Pel=Pelargonidin, Cya=Cyanidin, Pdo=Paonidin, Del=Delphinidin, Mal= 


Malvidin. 


4) Ziffern in Klammern zeigen die scheinbaren Mengenverhaltnisse der Farbstoffe. 
5) Die Lokalisation der Pdanze wurde von Harrn Dr. H. Ité angegeben. Bezeichnungen : siehe S. 229. 


P. resupinata Linn. 


YARVHTD 
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Nr Familien Versuchspflanzen Pflanzenteil Farbe 
“35. Geranium eriostemon Fisch. 
var. reinii Maxim. VISYFATV? ” purpurrot 
36 G. yesoense Franch. et Sav. 
var. nipponicum Nakai 3658) Sata? " " 
37 | Empetraceae Empetrum nigrum L. var. sceninaie bie 1 tie ochiwsistoe 
88 | Aquifoliaceae Tlex sugeroki Maxim. 2 
var. brevipedunculata Ohwi FTHAI7IA AIT " rot 
39 | Balsaminaceae | Impatiens textori Miq. PVE SPSS hy) Petale purpurrot 
40 | Lythraceae Lythrum salicaria Linn. Xe YRS AYP PSE oO} TA 7 ; 
41 | Oenotheraceae | Chamaenerion angustifolium Scopoli v¥F*7Y | ” rotpurpur 
42 Epilobium pyrricholophum Franch, et Sav. | 
FRDRF | ” ” 
43 | Araliaceae Oplopanax japonicus Nakai AV T* | Frucht rot 
44 Panax japonicus C. A. Meyer PRPRES TY ” " 
45 | Cornaceae Chamaepericlymenum canadense 
Ascherson et Graebner Paty ZFRF ” " 
46 | Diapensiaceae | Schizocodon soldanelloides Sieb. et Zucc, 
AWVHI Petale hellrot 
47 | Ericaceae Gaultheria adenothrix Maxim. Dade Fe Frucht scharlachrot-. 
48 Menziesia ciliicalyx Maxim. Y Misia, Petale rot 
49 Rhododendron kiusianum Makino iy~7*+)Y7Z ” violettrot 
50 R. japonicum Suringer VUYTIIS ” rot 
51 R. degronianum Carr. YrIFF 7] hellrot 
52 Tripetaleia paniculata Sieb. et Zucc. mIVY " " 
53 Vaccinium vitis-idaea Linn. aATEE Frucht rot 
54 | Primulaceae Primula cuneifolia Ledeb. 
var. hakusanensis Makino »7?ya#7F7 Petale purpurrot 
55 | Oleaceae Ligustrum obtusifolium Sieb. et Zucc. 4 4X 7 ¥ Frucht (schwarzviolett 
56 | Loganiaceae Buddleja japonica Hemsl. 57 dig Bay Se Petale hell purpurrot. 
57 | Gentianaceae Gentiana makinoi Kusnezow. ". blauviolett 
58 G. scabra Bunge var. buergeri Maxim. Vy FY ” 7] 
59 G. triflora Pall. var. japonica Hara = Y YY FY " " 
60 | Boraginaceae Myosotis sylvatica Hoffmann LTP YX Petale hell blaulich 
61 | Verbenaceae Callicarpa japonica Thunb. APH YVHT Frucht hell violett 
62 C. mollis Sieb. et Zucc. VI RIV ” " 
63 | Labiatae Chelonopsis yagiharana Hisauchi et Matsuno 
TFYBRRP x2AVIY Bliiten rotpurpur 
64 Clinopodium chinense O, Kuntze INVNF ” ” 
65 Prunella prunelliformis Makino 
REVIVES $F " violettrot 
66 P. vulgaris Linn, VIEL " ” 
67 Salvia japonica Thunb. THIRAFIY Petale blauviolett. 
68 Scutellaria laeteviolacea Koidz. vy xX RYFs n. violett . 
69 Stachys japonica Miq. var. intermedia Ohwi 
AXA ” schwach 
70 Scrophulariaceae| Pedicularis chamissonis Steven rotviolett | 
var. japonica Maxim. aYNYVAVS " rotviolett. 
71 oe" ' 


af / 
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Anthocyanidin- its -, : tc. , [fen li te pe ae 
ee -andieil Anthocyaninkomponente 3 ae Nr. 
Mal (20) Malvidin-diglycosid (20)+2 unbek. Flecken (Spur) AB 35 
Mal (10) " (10)+ anderes Mal-glycosid (Spur) BC 26 
Del(6)+Mal(4) | Empetrin (6)+ Uliginosin (4) A 37 
+Cya (+) 
Cya (10) Cyanidin-glycosid (3-hexopentosid?) (10) A 38 
Mal (10) Malvidin-glycoside (in 4 Formen) cD 39 
Mal (10) Malvin (9)+ Malvidin-3-monoglycosid (1) D 40 
Mal (10) Malvidin-dihexosid (Malvin?) (10)+anderes Glycosid (Spur) BC 41 
Cya (10) Cyanidin-glycosid cD A2 
Cya (10) Cyanidin-glycosid (Lycoricyanin ?) A 43 
Pel (10) Pelargonidin-diglycosid (8)+ 3-monoglycosid (2) cD 44 
Pel(9)+Cya(Z) | Pelargonidin-diglycosid (9) +Cyanidin-3-monoglycosid ( 7) ABc 45 
Cya+ Del (wenig) ABc 46 
Cya (10) Chrysanthemin (70) A AT 
Cya (10) Cyanidin-3-monohexosid (10) AB 48 
Mal (10) Malvidin-glycosid (10) e 49 
Mal (9)+Del(1)} Malvidin-glycosid (10) +Delphinidin-glykosid (+) bC 50 
Mal (10) Malvidin-monoglycosid¢S) + Malvin(3)+anderes Glycosid( 2) BC 51 
Cya (10) Cyanidin-3-monohexosid (0) BC 52 
Cya (10) Idaein (10) AB 53 
Mal (?)(10) _| Malvidin-glycosid. (?) A 5A 
Cya (10) Cyanidin-hexopentosid (70)+ 3-monohexosid (+) D 55 
Del (10) Delphinidin-glycosid (10) cD 5G 
Del (10) Acyliertes Delphinidin-glycosid (7)+ 2 Del-glycoside (2+ 7) Bc 57 
Del (10) Delphinidin-glycoside (in 4 Farbstoff-flecken) bCd 58 
Del (20) Delphinidin-glycosid (7) -+anderes Glycosid ie Be 59 
Del (10) Delphinidin-dihexosid B 60 
Pao(9)+Cya(1)| Paonin (6) +Padondin-glycosid (4) +unbek. Glycosid (+) D 61 
Pao(9)+Cya(1)) Paonin (5)+ Pdonidin-glycorid (5) +unbek. Glycosid (+) D 62 
Cya (10) Cyanidin-3-hexopentosid (Keracyanin ?) (8)+ Chrysanthemin (2) CD 63 
Cya (10) Cyanidin-dihexosid? (7) +Cya-monohexosid ? (3) CD 64 
Del (10) Delphinidin-glycosid (10) AB 65 
Del (10) Delphinidin-glycoside (in 2 Formen) CD 66 
Del+Mal (+) Delphinidin-glycosid (10) +Malvidin-glycosid (+) CD 67 
Del(9)+Cya(Z)| Delphinidin-glycosid (8)+Cyanidin-glycosid (2) 
fener) -_unbekante Glycoside (+) D 68 
Cya (10) Cyanidin-dihexosid (9)-+Cya-monohexosid (1) bC 69 
Cya (10) Cyanidin-hexopentosid (Keracyanin?) (10) AB 70 
Cya (10) Cyanidin-3-monohexosid (8)+Cya-glycosid (2) BCd 71 
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Nr. Familien Versuchspflanzen Pflanzenteil Farbe 
72 Veronicastrum sibiricum Pennell 
var. japonicum Hara PHAIY " purpur 
73 | Orobanchaceae | Aeginetia sinensis G. Beck. tA FrY xy EN Bliiten purpur~ 
rotviolett 
74 | Caprifoliaceae | Sambucus sieboldiana Blume SWS Si Frucht rot 
75 Viburnum furcatum Blume AADZA SI * ” ” 
76 | Dipsacaceae Scabiosa japonica Miq. zyAy7y | Marginal- hell blau 
F , bliten 
77 | Campanulaceae| Adenophora nikoensis Franch. et Sav. F 
ERY eV Y Petale violettblau 
78 A. remotiflora Miq. Jose ” 7) 
79 Campanula dasyantha Marsch. v. Bieb. 
FywFex av ” blau 
80 C. lasiocarpa Cham. AYV¥* BY " ” 
81 C. punctata Lamarck RANA IZ " schwach 
rotpurpur 
82 Lobelia sessilifolia Lamb. FU Ha " violettblau 
83 Phyteuma japonicum Miq. YFY eT Y ” ” 
84 Platycodon grandiflorum A, DC. +a " " 
85 | Compositae Aster ageratoides Turcz. var. ovatus Nakai 
TAS TF Bliiten blauviolett 
86 A. tataricus Linn. fil. YAy ” ” 
87 Cirsium japonicum DC. IES Gia " purpurrot 
88 C. nikkoense Nakai ayAaVF FS ” " 
89 C. nikkoense var. niveum Kitam. A+++ FS Bliten purpurrot 
90 Eupatorium glehni Fr. Schm. aYSUa FY ” ” 
91 E. lindleyanum DC. FUrESEY 7] 7] 
Senecio flammeus Turcz. 
92 var. glabrifolius Cufodontis a2YVUyYyA | Zungen- (orange) rot 
bliiten 
98 | Liliaceae Clintonia udensis Trauty. et Meyer 
PRAAE! Frucht tief blau 
94 Fritillaria camtschatcensis Ker-Gawl.* 27 =y |Blumenblatt dunkel 
95 Hosta lancifolia Engler braunrot 
var. thunbergiana Stearn AAS LEVY ” hell violett 
96 HI. longissima Honda 
var. brevifolia F. Maekawa SAF RV Y " hell rotviolett 
97 Lilium leichtlinii Hook. fil. 
var. tigrinum Nichols. ay=2V " orangerot 
98 L. medeoloides A. Gray Irz2V " ” 
99 Scilla scilloides Druce Yr " hell purpur 
100 Streptopus streptopoides Frye et Rigg 
var, japonicus Fassett ARYTPFY |. Frucht rot 
101 Trillium smalliti Maxim. =yv4YY” | Fruchthaut| schwarzrot 
102 Veratrum japonicum Loesen. fil. Y¥=a4 YY |Blumenblatt dunkel 
103 | Iridaceae Tris ensata Thunb. var. spontanea Nakai rotbraun 
VLE SO EA NI LF " purpur~ 
violett 
104 | Orchidaceae Amitostigma keiskei Schltr. 4UFFY ” rotviolett 
105 Orchis aristata, Fisch. 


AVHYFEY 


"” 


* Getrocknete Bliiten wurden von Herrn Dr. M. Shibata (Toyama Univ.) uns zur Verfiigung gestellt 
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thocyanidin- wo ay a A ; isati 
yee ocyaniai 2 Anthocyaninkomponente ra Nr. 
Cya (10) Cyanidin-glyosid BC 72 
Cya (10) Keracyanin ? (9)+Cyanidin-monohexosid (2) D 73 
Cya (10) 2 Cyanidin-glycoside (644) CD 74 
Cya (10) Cyanidin-hexopentosid ? (10) BC 75 
Del (10) Delphinidin-glycoside (hauptsdchl. Delphin ?) CD 76 
Del (10) Delphinidin-glycoside (4 Farbstoff-flecken ) AB Ue 
Del(10)+Cya(+)) 2 Delphinidin-glycoside+unbekantes Glyccsid (Spur) BCD 78 
Del (10) Delphinidin-glycoside (in 2 Formen) A 79 
Del (10) Delphinidin-glycoside (in 3 Formen) (8+1+1) A 80 
Cya(9)+Del(1)| Keracyanin? (7)+Delphinidin-glyccsid (3) bCD 81 
Del(10)+Cya(+)| Delphinidin-glycoside (in 2 Formen) (7+3) Cc 82 
Del (10) Delphinidin-glycosid (10) D 83 
Mal(7)+Del(3)| Malvidin-glycosid (6)+Delphinidin-glycosid (4) cD 84 
Cya(9)+Del (1)| Cyanidin-dihexcsid (8)+Delphinidin-dihexosid (2) CD 85 
Del (10) Delphindin-dihexosid ? (8)+Delphinidin-glycosid (2) D 86 
Cya (10) Cyanidin-dihexosid (9)+Chrysanthemin (7) CD 87 
Cya. (10) Cyanidin-dihexosid(Komplex ?)(70)+2 unbek. Glycoside( Spur) BC 88 
Cya (10) Cyanidin-3-5-dihexosid (8)+Chrysanthemin (2) BG 89 
Cya (10) Chrysanthemin (70) BCD 90 
Cya (10) " (10) D 91 
Cya (10) ” (7)+Cyanidin-glycosid (3) BC 92 
Mal(10)+-Del(+)} Malvidin-3-monohexosid (270)+unbek. Glycosid (+) B 93 
Cya (10) Keracyanin ? (8)+Chrysanthemin (2) A 94 
Mal (20) Malvidin-3-5-dihexosid (8)+Mal-glycosid (2) Cc 95 
Mal (10) Malvidin-3-5-dihexosid + 2 andere Mal-glycoside CD 96 
Cya (10) Keracyanin? (10)+ andere Cyanidin-glycoside (Spur) bCd 97 
Cya (10) ” (10) +Cyanidin-3-monohexosid? (+) BC 98 
Cya (10) Cyanidin-glycoside (in 2 Farbstoff-flecken) D 99 
Cya (10) Cyanidin-glycosid (Chrysanthemin ?) BC 100 
Cya (10) Cyanidin-3-hexopentosid (70)+3-monohexosid (+) bCD | 101 
Cya (10) Cyanidin-glycoside (in 4 Farbstoff-flecken) BCd 102 
Mal (10) Malvidin-glycosid (Ensatin ?) Cd 103 
Cya (10) Cyanidin-dihexosid (10)+unbekanntes Glycosid (Spur) Cc 104 
Be 


105 


" (10)+2 Cya-glycoside (+) 


TdicSa Fi ¢ Haynaldia 42.13 CH barre 1 HD 


ro 
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Goichi NAKAJIMA: The Parthenogenesis of Wheat-rye Hybrid by the 
Influence of the Pollen of Haynaldia villosa. 


1956 4 3 H 13 Aa2ty 


#4 
19538~54 “FICE t 
atratum x Secale africanum F, (TdicSaF,) (x 
BORE CMAICIIT BB 87. 94~79. 27 WHY 
58.11%) #7L, Fe -G amphidiploid #42 U7: 
(Nakajima #238F<)_ 1954 AIC 3 BBIRERE aE 
HSAZRBAWECO Fi OFF 20 RSH, TO 
700 4€% Haynaldia villosa D{EK) CHEE Uo 
COBH CL 3 RRIRMERILIE Odd, 
2n=20 OR AKAHFO 1 AKA bre, Co 
Kc OMAICOV. CHTOR MBBS MTOR 
RRS, 


ill 


Triticum dicoccum var. 


a & tf 
A. 2n=20 KAO Pe : 


2n=20 MOIR TdicSaF), F2 ts 
LUO MBOMMABEH & Leet anita 1 xO 
1 9 CH So 

1 HICRTERU, CO 2n=20 feMoH 
“24jZH it TdicSa Fy, Fo s LUMO tHIC 
LLC 1~2 OWRRRVCleTNCTHNBSE 
HLH rCw Ro BNI ACS OMIT) 
WChHACHC Fy BLO Fe KMcwr (Fig. 
1), MIO le Fy BLO Fo LIGEALEMUCH 
Bo 

B. 2n=20 fff PMC icssit SRRGPB: 

COMO RMIE SG, 20 OBafKasHAD1C 
WBS (Fig. 2), OD PMC KC hE 
fe 2n RMELT 20 OP AHABMBS Ike (Figs. 
3~6), ERB 1 RADBAM SG, 0~3 © 2 fil 


Table 1. External characters of 2n=20 plant compared to the TdicSa Fy, F2 
and its parental plants. 


Charac- Percen- 
ters Epa Length | Length | Length sane Res mel Nene €F Number 
of of of 5 Spike of 
chromo- culms | spikes | awns |,SPike- density kernels | seed | flowers till- 
somes pie fas a lets per pe setting per erings 
2n spike spike per j|spikelet 
Plants spikelet 
T. dicoc- 
cum var. 28 | 131.46 | 10.87| 10.78) 29.05] 2.80 44.60 | 153.18 3 45.44 
atratum 
s. ria 14 | 130.40} 13.60| 0.00] 50.40] 8.71 | 30.19] 59.95 2 | 100 
Fy 21 | 152.00/ 14.10 4.11} 40.86] 2.90 23.80 | 58.11 4 83.00 
Fo 42 | 135.12 | 15.97 4.87 | 34.84] 2.18 37.66 | 108.09 3 58.30 
2 = 
ae 20 | 106.50} 11.20 3.10 | 30.40] 2.67 0.40 oe 3 71, 00 
A Idi 
tittete __ +4 {114.80} 7.89) 3.73 | 22.25] 2.82 | 26.67] 119.44] 5 
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Fig. 1. Spikes of a plant having 2n=20 chromosomes and its parent (TdicSaF)), left 
TdicSa F), right 2n=20 plant, xca 1/2. 
Fig. 2. Somatic plate in root tip cells of 2n=20 plant. x 1000. 
Figs. 3~6. Meiosis in PMC’s of 2n=20 plant. x 770. 
3. Side view of heterotypic metaphase, 20 univalents scattered in spindle. 
4. do. 13,+18] . 
5. do. 277+16, . 
6. do. 3y7+14r. 
Table 2. Frequency of bivalents at heterotypic metaphase in meiosis of PMC’s 
of 2n=20 and its mother plant. 
—__ Bivalents % s awe Mode Total 
- On lyr 211 311 (%) (%) 
Plants Ps 
Eat thant 698 271 30 1 Om 1000 
pao vin (69.80) | (27.10) | (3.00) (0.10) (69.80) | (4100.00) 
TdicSaF, 2853 2192 416 89 On 5500 
Cn=21), (51. 87) (39. 86) (7. 56) (0. 71) (51.87) (100. 00) 
Wee 14~20 O 1 MRAKRL EBA EROEDZ I, CO 2n=20 BWKReH op 


(Figs. 3~6). 1 AMI PIC LH SiS 2 (eee 
FAILOVER 2 KOWMO Cho, 

1 Zp BUSIC 33 (FS AD MAO DAU 
AWD, 3: 17~10: 10 GOHABALS 


IC sstF SRA Wt, B< O/B 4 IRE Fy 
BOSE TREAROUMEbDi<, 4 
FSEBIUE & A ESAT RES Bi ALERTS 
L, (BRI 1~2 BOM FREBRICT FiEv>o 


hh, ZOMBIE 3 ROG CHS_ 
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Table 3. Distribution of the chromosomes to the poles at the heterotypic ana-telophase 
in PMC’s of 2n=20 plant 


Distribution of 3. 47| 4: 16 | 6: i 7:13| 8:12] 9:11] 10: 10 | Mode | Total 


chromosomes | : ge DA ou * 
2n=20 plant | 8 1 5 5 7 u | 23 |10:10| 55 
% 5.45 1. 82 9.09 9.09 12.73 | 20.00) 41.82] 41.82 | 100.00 
Secale-Haynaldia = je iH#EE Glaize ¢ , TdicSaFy 
% a IRELAND TER AEM IO DRAB & ROI 
2D 2n=20 AKL EROMAAIK TdicSaFy (c FERRETCE CH: 20 OFfafKeHOMADS, Hay- 
Haynaldia villosa DFE UTCER4 OC naldia D{EMRRASFS° LK LOCEO RI 
OC, HIE= RMR Ch Ste bit ORE RMAC LOCBHELKELO CHIT, 
HelI2n=28 -EteithiL Sh. CONDOM LOY? ARERIX ABRa—-1=20 CGhALBX 
PBIZREIL PH GCld dH SAS TdicSaF) CHEM LT bh4,. thbbdxOfMRrt TdicSa i= (aha 
Axa, T. dicoccum var. atratum~x H. villosa F; yD hypo haploid (7 #FAOLOEVW EE SS 
(Nakajima #38H) Litmhe o> HOCH), COL5t—- fA Cle Aegilotricum (Ka- 
Haynaldia DBBAILAG SN CVE tayama 1935), Timopheevi-turanicum amphidi- 
COL, HMA R, Beis LOE ploid (Sachs 1952) $s k US Timopheevi-squarrosa 
FMI DAT ROBBER SD bb BBL, CO amphidiploid (Watanabe and Mukade 1955) 
2n=20 Bao Mlk TdicSaF; |< H. villosa ls T OMESHNTW SO 


DED RID UCEC RED CHS, Triticum- 


Résumé 


1. In the present report, a result of cytogenetical study on a plant derived from 
TdicSa F; (Triticum dicoccum var. atratumx Secale africanum Fy): after the pollina- 
tion with Haynaldia villosa is described. 

2. The external characters of this plant, resemble these of TdicSa F; in every 
point though somewhat inferior as shown in Table 1 and Fig. 1. 

3. The number of somatic chromosomes of the plant is distinctly found to be 
20 (Fig. 2). 

4, The number of bivalents in one PMC at heterotypic' metaphase varies from 
0 to 3, and the frequency of it is tabulated in Table 2, 0y being the mode. The 
results are the same as in the parent TdicSa Fy. 

5. Considering from the external characters and the meiosis of PMC’s, this 
plant (having 2n=20 chromosomes) may be considered as having developed by 


parthenegenesis, influenced by the pollen of Haynaldia villosa, from an egg having 
20 chromosomes. 
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Further Notes on the Karyotype of Anemone, Cimicifuga and Clematis. 


1956 42 3 12 Batt 


S57 (1955 a, c, d, 1956) (LEST FVYY 
YR (Anemone), +97 + 29 ~<)K (Cimici- 
fuga) %iLO0«yv=v7 i (Clematis) mfx 
ROWCHEA LE, TOR, SHKONHS BE 
KET SRM OBPMLDMTSOLACRROTC 
LORER & SIR OMB ELD HARIC OC O 
~XBo 


FETA ICTS LIU CHS — 


el 
ms 


Vv ame 0 GS - 


ay sak SF wae - 
wa (fF wt |X ° 
eT) Br, ®w* = 
Gap Cea, 
Sa w®, 


sy 
Gea, 
Sep 


Se eS ad DS ~ 
ane &§ aad are . 


Figs. 1-3. Somatic chromosomes 


var. peltata 3, Clematis alpina var. ochotensis 


* BRET ACHES EB Ey as 
Biological Institute, Faculty of Science and 
Literature, Ehime University, Matsuyama, 
Japan 


1, Anemone pseudo-altaica 


3 = 
1. +7447 Anemone pseudo-altaica 
Hara ChB SINE), 7A74F7 A. Rad- 
deana Reg. var. integra Huth. (=H 
pe) 
47 FY OGM IL 32 fil-e, 
CHHITMMADENEN-RMTS 4 filledlt 


3392555) 
RAR bet dL 
CIn—.* e. 
VIV=F7I 

a ree so 
Siheaaie 

Wiad Pare 


2, Cimicifuga acerina 
x 1720. 


ZSLEDBCH, BRAD 8 BAAS SITROL 
FC 4 RICA GCE 4S. 1+) PHSAO 4 BEA 
fK (81M, a-d), CHNb5WIRKES Choe 
DEABSHS. 2) KPATERO 1 Yeah Cal, €), 


240 fi 4 * RE ze 


ESIHMBORDRERC YC, KIWITEWO 
1/2 LODFWICEN, 3) KM RO 1 WS 
fk Cal, £, COMI AOIE CbWOORS 
DiBo 4) KUAMARO 2 BK Cla, g isk 
Uh), WwFfh sb Cols dF SWICH 3 HAE 
BROTHEL OFS, 5B 1 CREO PAC 
IPSVATREARAA &Db6NS, DEON ZF 
44 FF ORARA PAS SS ICSE (1955. a) 
DMS Lkty Vy vy (A. stolonifera) DAI 
Beis REIT E < WCW So 
HIFHAFPF ET AVAFFEOHIC BHO 
FHRILA LH ONRDOK, LEAT HO 
BANITKD LE FIC LHS 


K (2n) =32=16A™ +4Bs™ + 4Cst 4 4pst+ atpst 


2. AA Nya Cimicifuga acerina (Sieb. 
et Zucc.) Tanaka var. macrophylla (Koidz. ) 
Hara (pRILASEE) 47Tvyvadea C. ace- 
rina (Sieb. et Zucc.) Tanaka var. peltata 


(Makino) Hara (42/5 25tG76) 


#43 (1987, 1939) (ha ANY ad 7 OMA fH 
we n=8 LHELES 

47 Y Yad ~ OPM AL 16 fA 2 
WMHILTOPBBASROLFC 4 FCA GCSE 
o 1) PMICHARE LO 5 NoOBfafK (ay 2 
Rl, a-e), #YORS SI2ABR<, 56 19 
GCLEO 1 POAC MER ASEFEF BS 2) MA 
MRO 1X CA, 2, MORSREMORE 
1/2 GC, 5 BARC Ist SMO PAC Fat 
EERE X10 8) KUERTERO 1 Xf CA, 2), 
FRDUIALA PRO BE O-P-PRV>, 5) KOT 
Ol (CA, h), COMB PEKOWME o& 
SOD <, DONIKe 4 OD Chis & OR 
MILE Ch Do 

Ty Y aVTtaAANYaVatoOlh eyw 
hOBGRILALOSZRDOK, LRAOT MBE 
PRBVIRO L FIC LBA, | 


K (2n) =16=8AM +2'AM +2B™ + 2Cst + 2tpst 


ER OBML SS ICHER (1955 d) DHE LA 
FUAAA RY ay~ (C. acerina var. interme- 
dia) DERICMCWwS_ 


#5 69 4 B3 815 & 


Ha 31 A 5 A 


3. 42y¥av~ C. japonica (Thunb.) 


Spreng. (482 UL Pa EE) 


AR Oph ry vy aVrOTNCIPMIC EL 
CMCWSB’, PMBBROBAKR CHARA 
HONE ORMGHMALE LIES 

LEBOCA RY a VY TOPMMIRORCELYD 
Do 


K(2n) =16=10A™+2B™ + 2Cst42¢pst 


4. 24 ary yvawyn Clematis alpina (L.) 
Mill. var. ochotensis (Pall.) O. Kuntze (57K 
IRAE), ZPRr>Y Yad C. lasiandra 
Maxm. (f@S/RiR@IAH), *ieyavvy 
C. ovatifolia Ito (ARK A ARS LUE) 


LV PANY Y oI YN ORDA CLEA ILESIF 
(1935) tI <, 16 HOMBRE LEDRH 
NMHILEOPBASROLI 3 HICARITS 
CEA CRS. 1) PMBKROAELA 5 xt GH 3 
RM, a-e), AxTRAKRSICbTHOV=AALH 
Do 2) KreeARO 1 xf CIR, £), PIO 
SILA KOWBC 6S. 3) MHMFRO 2 
(AR, g ikuh), wi noOmhM4tOR 
S(LHBAOBL OHSFODCH<, 1 MCI 
bEADIAL DSN}, 

BRAROY VY aAIINEFA RY AaV IID 
MILE SICEMO si yvernyyaVYnrOtnke 
LC WCW CHRITALOONEDOR, LEDS 
DEON 3 HOBMIKOLIAK LDS, 


K (2n)=16=10A™ + 2B%t+ 25+ 2tcst 


EERO MAGE (1955 c) DASCHLE 
Fy xy (C. florida) DEWITEL MCW], 


5. C. ligusticifolius Nutt. (KER) 

AE OPRML SV roy Y aVYNAOTHICY 
TWABROM, Sitbbivwayyayyn 
OA 3 PILE (KICHHADS C. ligusticifolius D 
REARGCUL 2 Sk &ICEORGBNC RRA SETE 
SOM CMBAIRE LHOCWS, 

LEAD CRAILKOXNCHS HHS, 


K (2n) =16=10A™ + 2Bst + 4tcst 


Meurman tsk Us Therman (1939) (22#i-c 


a 


May 1956 


1 NOGA ALA LD CWE, 


6. 7¥H Ry C. stans Sieb. et Zucc. (7H 
DAM ZIRE) 

ATEOBHL Seer yy aVYNOZHEL 
CMCWSBRKO MET CE LED Hhbd s 
VIOV VY aAVIN ORB 3 HBR CAMO fe 
Wy Ll SICH STS IH RAY OD 2BBKD 35 b, 
FILE OFABUITKE > ft MERA HD ACH 
So LEMBOCFHFRAVC(L3 (HOMME, 
FRDELEF SAS, D5 BO 2 Hike vwrvy 
2YVINOCMIEL< UCT, AIDS ¢, 
PEO LMR ivwrvvarv Yn GtaralLwobon 
TORS AMR OTIS, 

LRASD CATE ORAL ROKRE LDS, 


K (2n) =16=10A™ + 2Bst + C$t+ tcst 4 2tcst 


HAE (1937) (LARIOMERE-G 2n=16, n=8 DO 
Ze Re REL, WCE 1 2 REIL AL 
Dipok, HHOMBILVEKBTE LTO SC 
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Leet MVC T Se wile Pais LOMPMBER 
OPER tNtHNMc m wku sm‘, WH 
BAR CRUD ESS DALES AOIE C BV do¥ Feld 
TNL OP PEV WBA str, UK WL Od 
& Sal hiv. Be fH fK% ste ECLOTE PFYF 
Yad TOBA AMIS 5m+sm-+st)+ste, 
zY=YIVRO CW 5m+st)4+2ste, FV vy 
YYVEBOtCHIL 4m+sm+sty+2ste CHA (AE 
4M). hid cGHbmek 5c Sm+sm #4OO 
(RY PFY IY AVS CHSB, FOsm it 
PRO L 5 CAMO 1/2 Lobe ace Re 
%b str CUE RGEOT, £D sm Ko}b 
IT ste BlLVoa K4OBeY =v VY VEBOKRA 
Ya pRMLt So LR DOT MA BAL OAEIS 
DT dC FT MRI UR RE ART 4 OL 
B2.6n4. PRP hey avy VEGA weE 
(C$sd-IU TS (Prantl 1891) 4 Fuyvy vee 
(i 5m Ox» )lc 4m+sm LROCWH SRS 
DIB BY =aYIVBLIEROCW4A, LBL 
AFVYIVE—DOMCILO sm Zi sty (CH 


AEN AGNI, 
AN AY AU AVA DRO 
ene AP NE No\ “\: 


Fig. 4. Diagrams representing basic complements 


a, Cimicifuga, b, Clematis 


c, Anemone (with b=8). 


HEHE OBINLARHAG 0, EDROAS WThEtKIC 
WCE Cho LI OFA LELK Ch > 
E45 DLE SPROVAC ESR, 


ey = 
AAU OTB (bx CHALONECC AF Y 
YIU (b=7 OFMTR<) 7 3 BE + 
FyFtyvay =| 1 4 Be, ev ave 
8 f& 2 Bi 1 MRORMLDMLK. AhMAe 
BBs, Chb 3 BORRSRAMEHRL 
Tose: 5-6 


Wt SIH 720, 4m+2sti+2stz ICU} OS 
HS. LRP SLIOHRLI ICON 3 Molt 
ASRS APLIZII CIRO OB, PRY Fy aye 
DoeYaYIVRENTIFIVYIVRICWR 
BIOL RAN MR DABRIC 33 F SIE FAS ORBREDS 
Hom HOTWSZOBALHM SNS 
hist FV Y IY RA-MOBORARE AM 
Ds 4m+2sty+2st2 ICUrv Re LOTS Lk. 
ZY SAA CNCLY* ZARA AR FG 
Dy KY YE (Ranunculus) O— 4 GRE) 
HAWLEY HRI SY (Trautvetteria) ex 


242 fa mn 7% RE a 


LEEW Re LOTELOCIBDAS Do AFT 
Y +R, (Pulsatilla) (6% 1956) OFLAee ea ARAL 
ILA FVYIVROTHELCUCW So. BY= 
YIVRLUyY yy ay xR (Anemonopsis) & 
OBR, TFIY IYER b=8 OFRixet b=7 O 


69% 8 815 = 


Hga 31 = 5 A 


Reet 2+ 7 V7 Y/R (Hepatica) & OBER 
ILDU TILE SICONE (4EF 1955 a, b)o 
BUT te MPR he Rd Ot FAOKBAZICIE ¢ 1 
AL LEWFSZ LEIS, Mx HBB RRORA 
DRA BBR RICE KC RTS o 


Summary 


1. Karyotype analysis was carried out on nine species and one variety. The 

results obtained are as follows: 

Anemone bseuslo- glint | K (Qn) =32=16A™ + 4B™ + ACAD st 4 4t Dst 

A. Raddeana var. integra 

mict; j ; hyll 
Cimicifuga acerina var. macrophylla | i (2n)=16=8AP+ AP +26" 42074210" 
C. acerina var. peltata 
K (2n)=16=10A™+2B™+2C*+2'D* 


Clematis alpina var. ochotensis 


C. japonica 


C. lasiandra 
C. ovatifolia 


K (2n)=16=10A™+2B* + 2Cj'+2°C3 


C. ligusticifolius K (2n)=16=10A™+2B*t+4'C* 
C. stans K(2g)=16510A™-42B*4-GFt Coty otcs 
2. When a satellite is left out of consideration, the basic chromosome set of 
Cimicifuga differs from that of Clematis in having one chromosome with a subme- 
dian constriction instead of one chromosome with a short arm remarkably smaller 
than chromosome-breadth, and the difference in the basic set between Clematis and 
Anemone (with b=8) lies in the fact that the former has one chromosome with a 


median constriction in place of one chromosome with a submedian constriction in 
the latter (cf. Fig. 4). 
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Wataru TAKAMI: Calcium Oxalate Crystals in Dioscorea japonica Thunb. and 


Begonia Evansiana Andr. 


1956 #8 A 8 ASH 


TERED RAI LSMBICOW TL, TCICS 
COMRAIC Lo CHHEANCW SA, vavR 
DULY Y ADRERTARNADRAITOV CIR EE 
SHC, BR-OLCMWE CU Hae BE 
wok C EMSS, CLCiIMADSS Ct 
Day AiO BEIT BF ie -v ~ 7 AE LATO O44 
VICL ARR SOIC DAD CHAI Y a7 
DA FV CHARMER T So 


BHR OU DG 

FRRIGAR bnRV 7 1 EOHEZ AAS 
De 5 APMIS, RO 7 MOMEMe fe AEH 
Liz 500c.c. D7 FAA SKHLED 

(1) Control Ut 77—7¥R (pH 5.0 oF 
Fxkez 5), (2) K Riunte (Ca (NO3)2 1 g, 
Mg SO, 0.25 ¢), (3) S RANE CCaClz lg, KCl 
0.25 g), (4) N Kanye CKH2PO, 0.25 g, CaCle 
1g), (5) Mg Rane (CaSO, 1g, KCl 0. 25 g) 
(6) K,S Ranwe CCaClp 1g, MgCh 0.25 2g), 
(7) K; S, Mg ihe (CaCl, 1g, (NH4)2HPO, 
0.25 g) 

VYaVALEFVYDOYRITILKO 5 HAV Pe 
GQ) 77-79% (2) K Kine (3) N Rink, 
(4) Mg Kuni, (5) DROT vy t= 7Ke MZ 
RFI —-T UR 
AULA 3 THR, Ceatih 4 ale fuk 7 
PF—1 CRAIC ULCRBL, 25k, BEL 
PE Seve 7A SITOW TH HAKO 

* RRA EE EOS 
Biological Institute, Faculty of Commerce, 
Waseda University, Tokyo 


ZR tm 

C1) ARNT ZB OMe 
VII7IFEEVSAVATEV CHIDO OR 
Od 0, aT Cl K RUM CG EBBIIAWKE ¢, 
Mg Reh LWPS ZOD, S ERE 
N RNR CIAL EREFT, FRED 1~2 BE 
BH 27S CRITE Lindo hte MOTE $A 
BRA bivteas, K RANE GCIEE ¢ ICE 
Like BHC K RMMCLERERAES, 
MILA LC ENCLED, BUS MAELCLA 
RChokKD, N KK CD25 CBHBR<, 
Mg Kane GIL LU Aba <, TYE=ATHK 
HADLVLBAREChHok, ROMRI N 
RUM ET YEATIBADLOB RE Cho 
is 

(2) v7 7A EKBO ARROW 

ida TAL TN CHK CREILS ¢ ie <, MER 
RO WWI bite, HEE (.5cem LF) eit 
FRANICBEMRO FAG CBR Bbh, PHORAS 
Mi Rbinithek. BAIL SA AOAEKE, 
Hh ESEDS 20cm DANG, JTRLOHR)Sic 
2, 3 BERRY CMR 3H (O.5cm) -cith 
HIOBEA Mic te ¢, 4 BE (1cm) CLI GE 650p- 
OE (LLP ETS) IC 23~35 p OXABO 
LtHL O/NGOSRRAS 18~19 HALON, 
a 5 HE (1.5cm) GitAWoOlk 58~69» ire 
+t 10 MOP COR BlX 11 C1 A), 14 
(2 fal), 15 (5 f)), 16 (1 f), 19 wl) ch 
2 ito ROB 6, 7, 10 BICOW CER, ABO 
PEEORS, BMOMmLH1 OL C, EAR 


244 hi tm FE Be 
ILL KWITK < ARE EO ko WHER 30 
cm O4OCIt, PHOBAMoOM La 5 Be 
(0.6 cm) Bo tiibh, % 7 BH (0.9cm) 
(X 24~30 (fiir HERES ¢, 35 832 1.4cem)-c 
SHR SE 11 (2 fl), 12 fe), BA 
J), 16 (1 i), 17 (2), 18 (1 wt), 190 
[}), 20 (1 ]) Cho ko KOM 10, 14, 24 
OPlGLH 1 OL5ChHhoK. 


a 69 4 815 & 


WAM 31 4p 5 Ae 


COL, oir PROBA DM ciab lhe ¢, 
WBA OR CHEILRALTO, COBBDL, 
CO 1 He, 5, 6 BORRMIOMR 
Mkt 3: 4 Chok, PHSHKEGO CE, 
TRRE(D/NG, 34 #E(1cm) D4 06h 35~46p. 
DEIR DS 2~3 fH, 45 5 HE (1.5cm) Glia 6 
fAhiCio kK KOR 5, 9, 11 BIST SRR 
RH 2IRT 


#1. Vr A EDV aVIRANYVAEROD CHEE 650u DEF) 
= - 20cm = fe 30cm 
#E Ke 6 7 10 10 14 24 
#2 £2 (cm) 3.0 4.0 5.5 3.6 4.5 5.5 
MHLORS (v)| 81~92 116~127 | 150~173 || 116~127 | 116~127 | 116~127 
1 fia 
2 11 1 
3 2 8 4 10 
4 2 1 10 6 
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Fig. 2. 


Figs. 1-2. Distribution of calcium oxalate crystals in Dioscorea japonica Thunb. 


Fig. 1. 


In the case of absence of sulphur (leaf length 1.3cm). 


Fig. 2. In the case of absence of potassium, sulphur and magnesium 


(leaf length 1.3cm). x 100. 
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Fig. 6. 
Crystal habits of calcium oxalate in Begonia Evansiana Andr. x 480. 
In the case of absence of potassium. 
In the case of absence of nitrogen or magnesium. 
In the case of Knop’s solution, containing ammonia water. 
In the case of an ordinary soil for comparison. 
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Summary 


In the present investigation, the distribution and habit of calcium oxalate crystals 


in Dioscorea japonica Thunb. and Begonia Evansiana Andr. were observed. 
(1) Distribution of the crystals in Dioscorea which was grown in the field or 


grew wild on an ordinary soil was examined. They appear at first near the nerve 
and in the epidermis and then in the mesophyll. Their number in the circle of 650. 
diameter increases and decreases after attaining its maximum. In case of ample 
supply of nutriment, the number is smaller. 

(2) Effects of absence of particular elements, K, S, N, Mg are observed, in case 
of Dioscorea, effect of absence of K is not remarkable, while in case of Begonia it 
is very remarkable. In those cases, distribution of crystals was compared. Also, 
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Dioscorea which grew wild under very bad condition was examined. It may be able 


to say that deficiency of nutriment increases the production of crystals. 
(3) In case of Begonia the variation of nutriment may be related to the cry- 
stal habit and as indicated in the previous paper, action of NH,* in forming raphide 


was observed. 
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The Taxonomical Observations on the Natural Variation 


in Lilium speciosum Thunb. I* 


by Sadao ABE and Teruo TAMURA** 
Bares FANRSE : D7 aa VO BSR Lee I 
Received September 22, 1955 


The studies have been made to solve fundamental problems on the breeding of 
Lilium speciosum since 1948. The details of the studies were written in Japanese, 
with color plates, under the title ‘Studies in the natural variation of Lilium speci- 
osum” in the “Studies on the Export Bulbs” edited by Dr. M. Sisa, published by 
Seibundo Co., Tokyo, in March 1955. We thank heartily to Dr. F. Maekawa of the 
Tokyo University and Mr. S. Kumazawa, chief of Horticultural Division of the 


Station, for their directions. 


Distribution 


In China, this lily is found in the Lushan mountains of Kiangsi Province (Wilson 
1925, Watson 1931, Wong 1934) and in Formosa, in the vicinity of Taihoku (Hayata 
1911, 1912, Wilson 1925). In Japan it is confined to Kytishi and Shikoku Pro- 
vinces, and was long obscure. Kaempfer (1712) referred it to Korea, and Thunberg 
(1784, 1811) mentioned it from Nagasaki, although in the latter case it is not. clear 
whether the plant was wild or cultivated. The first clear reference to the habitat 
in Japan was made by Makino (1907) who recorded from Kochi and Nagasaki. 
Afterwards, many wild habitats have been reported, and there was also found the 
lily grown wild in Kagoshima Pref. (Wilson 1925, Doi 1925, Naito and Kajiwara 
1934) and Tokushima Pref. (Abe 1937). Further, we have newly found the reliable 
habitats in various regions including Fukuoka Pref. Figure 1 is the map showing the 
distribution of wild L. speciosum in Japan. The habitats in Ehime and Kumamoto 
Prefs. and the mainland of Kagoshima Pref. may be questionable, but the last two 
would probably be situated in the area containing the past habitats around the 
Islands of Koshiki. In KyashG, they are found in the western coastal district ; and 
in Shikoku, mainly in the south-eastern interior. 

The nature of the ground in the habitats is the Palaeozoic strata and sometimes 
the Mesozoic strata in Shikoku; and in Kyushu, the Mesozoic strata, the Tertiary 


* Contribution No. 14, from the Horticultural Division, Kyushu Agricultural Experiment Station, 
** Hort. Div., Kyushu Agr, Exp. Sta., Kurume, Japan. JL) )| #23240 RSs 
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strata and the igneous rocks. Their soils are generally clayey. The lily grows on 
sloping grass lands and cannot be found in forests, because sunshine is necessary 
for its growth. The plant usually found with it, is Miscanthus sinensis Anderss. The 
environment of the habitat differs regionally. In Kéchi and Tokushima, it is a steep 
slope with grass or a cliff, surrounded by the evergreen forest in the valley of 50 
to 159 meters above the sea-level. In Nagasaki, it is generally a grass-step girdling a 
rock above the sea and the rock has a evergreen wood on the tip. Although there 
are rock cliffs on the seaside of the Islands of Koshiki, the habitat is a sloping and 
sunny grass land containing Miscanthus’ sinensis, Pteridium aquilinum Kuhn and 
others. In the Isle of Taira, one of the islands, the most dense colony of the lily 
can be found in the grass, covering almost the whole island. Although the altitude 
of the habitats is generally near the sea-level, it sometimes attaining to 300 meters 
in Koshiki, and as high as 800 meters in Kochi. 
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Fig. 1. Distribution of wild plants of Lilium speciosum in Japan. 


Characteristics and Variations 


The wild bulbs collected from different regions were set and cultivated in the 
field of this station in Kurume in 1952 and 1953 to observe their characteristics. The 
bulbs set in 1952 were grown for two succesive years, in order to examine the change 
of their characteristics. 

Bulb— The bulbs show considerable variations in their shape, especially in their 
shade. The shades vary between reddish purple and brownish yellow. Reddish 
tint is variable and is not same by years. It tends to become deeper after the bulb 
was dug out, and the bulbs from the Koshiki- and Formosa-plants become gene- 
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rally reddish purple or red after digging. The bulbs have bitter taste in various 
degrees. 


Stem—Length of the stem is various and different according to ecological cordi- 


tion. It becomes longer in a forest or if surrounded by tall grasses, and shorter in 
a sunny and dry place. Shades of the stem are distinguished into purplish brown, 
light brown and green. The shade varies according to the region of origin. 


Fig. 2. Habitats of wild Lilium speciosum, 
a. The Islands of Koshiki, Kagoshima Pref. 
b. The Islands of Kujukushima, Nagasaki Pref. 
c. A valley of Ké6chi Pref. 

Form of plants—Forms of the plant in the wild habitat are various from erect 
to sub-pendulous, according to environmental factor and to the growing region; in 
Koshiki Islands, erect plants are mainly found (Fig 2a), but sometimes they become 
sub-erect, while in Nagasaki (Fig. 2b) and Kochi (Fig. 2c) the plants are sub-erect, 
sometimes sub-pendulous. The form also differs according to the age of the plant; 
yong plants are generally sub-erect, but become erect as they become old. The 
young plants are suk-erect even in the Koshiki Islands and tke sub-pendulous plants 
in Kochi are generally found to be young ones having only 1 or 2 flowers. In the 
case of the plants cultivated under the same condition, the more the leaves nume- 
rous, the more the stem erect; but concerning the condition of the lower part of 
stems of the aged plants from various places, no distinct tendency could be re- 
cognized. But the condition of the upper part of stems seems to be controlled by 
other factors, because there are sometimes found the cases in which the lower part 
is erect and the upper part is nodding (Fig. 3g), cr, the cases in which the lower 
part is sub-erect and the upper part is rising (Fig. 3b). The nodding character of 
a stem is peculiar to the plants from Kochi and Tokushima. It is probably due to 
thin and slender nature of the stem. The nature of the lower stem seems to be 
more controlled by environmental factors than ly hereditary ones. The nodding 
character of a stem is clearly seen in the wild plants cf Kéchi (Fig. 2c) and 
Tokushima. 

-Leaves—The phyllotaxis is 2/5, 3/8 and 1/2. Sometimes more than two kinds 
of the phyllotaxis are observed on the same stem. The phyllotaxis of the upper 
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Fig. 3. Cultivated forms from different origins, 


a, Formosa. 


b—c. The Islands of Koshiki. 
d—e. Nagasaki, 
f—h,. K6chi. 


part just below the flowering portion tends to become 1/2. The 1/2 phyllotaxis is 
usually found on young plants and tends to disappear as they become old. The fre- 
quency Of appearance of the 1/2 phyllotaxis differs according to the origin, and it 
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appears less on the plants from Koshiki. 
ship to the form of a plant. 


The 1/2 phyllotaxis has a close relation- 
The plane arrangement of leaves is a favorable con- 
dition for receiving sunlight in-the sub-erect stemmed plant. .The erect plant with 
the 1/2 phyllotaxis twists its stem in order to avoid the plane arrangement of leaf 
blades, and on the other hand, the sub-erect plant with the 2/5 or 3/8 phyllotaxis tends 
to arrange its leaves flatwise. Accordingly, the 1/2 phyllotaxis can be considered as a 
case of the adaptive variation appeared in a group which grows on the cliff and 
whose stems are apt to become sub-erect. 

The direction of leaf blade varies from pendulous state to widely patent state, 
and differs according to the region. The leaves are various in shape from elliptic 
to lanceolate. The shape of tip of the leaves is acute or attenuate. The length 


ABS 
a b c d a b c 
Fig. 4. Variations in impression along veins Fig. 5. Shape of stigmata from 
and undulation of margin in leaves. different origins. 
a. K6chi-origin. c. Koshiki-origin. a. Formosa. 
b. Nagasaki-origin. d. Formosa-origin. The Islands of Koshiki. 


as 


Nagasaki and K6chi. 


Fig. 6. Variation in length of pedicels. _ Fig. 7. An example. of sub-erect 
left: the short pediceled form direction of flowering (Cf. 
(f. compactum S. Abe et Tamura). erectum Walker). 


right: the longer pediceled one. 
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and thickness of leaves show continuous variation. Shades of a petiole are purplish 
brown, light brown and green, like those of the stem. Shades of the leaf blade 
vary between rather dark green and yellowish green. These characters, leaf shapes, 
and length, thickness and shades of blade correlate in difference with the region of 
the plant. The leaf blade is impressed along veins, the surface waving in various 
degrees. The margin of leaves also undulates variously or does not at all, and the 
undulating character differs according to the region (Fig. 4). 

Flower—The length and thickness of a pedicel vary highly and continuously 
(Fig. 6), and differ according to the origin. 

All the flower buds are erect in direction, until their size attains about 2 cm., 
but they turn their directions variously before flowering. The direction of flowering 
varies between pendulous one to sub-erect one (Fig. 7), and is rarely erect. It is 
affected by the internal condition, and apt to become more erect in younger plants 
from Koshiki. In the plants from K6chi and Tokushima, pendulous direction of 
flowering is frequently seen (Fig. 3f, 3g). It seems to be due to slenderness of 
their pedicels, but, seeing that all capsules take erect position, the pendulous direc- 
tion of flowering may not be affected by the mechanical condition of pedicels. 

The shape of perianth-segments varies between lanceolate and elliptic, but the 
difference according to the origin cannot be recognized. The perianth-segments 
reflex variously and very rarely does not at all. They wave variously in their 
margin. These two characters differs according to the origin. 

In the size of the flower, considerable variation is recognized. The flowers of 
the plants from Koshiki and Nagasaki are large, ane those from Kochi, Tokushima 
and Formosa are rather smaller. Factors which decide the size of the flowers of 
L. speciosum are the size and the degree of reflexing of perianth-segments. Taking 
the size into no account, the flowers looks largest when the reflexibility of perianth- 
segments is slight and they are arranged in plane. The size of perianth-segments 
does not differ according to the origin except that the size of the plants from 
Formosa is smaller. The small appearance of the flowers of the plants from Kéchi 
and Tokushima is due to high reflexing of the perianth-segements. 

The perianth-segments are reddish, especially at the part about one-third distant 
from their base, and they are very rarely white. The perianth-segments are of 
ground color and spotting. The grade of deepness of ground color varies highly 
and continuously, from crimson to pink especially from rose-carmine to rose-pink. 
There are distinguished many types of coloring, concerning the position and extent 
of coloring, the state of fading toward the margin of colored part and the presence 
or aksence of spotting. These coloring may be classified into eight types; entire, 
margined, faded, clotched, rayed, unspotted, white-grounded, and white-eyed, as 
shown in Figure 8. There are also recognized intermediate types of coloring, only 
between margined or faded and blotched or rayed, for example, the margined and 
blotched. The entire and the rayed are not frequently found, and the white-grounded, 
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unspotted and white-eyed are very rare. 

The shades of spots vary continuously from bordeaux to rose-pink, especially 
from dark crimson to rose. The sizes of spots range from less than 1.5mm. to 
over 3.5 mm.,, and their number ranges from less than 20 to over 60 per segment 
Gnner). The shades of nectariferous furrows can be distinguished into green, light 
green, yellowish green, greenish yellow and light yellow. Those of the plants from 
Formosa are green, but in the plants of other origins, no difference could be re- 
cognized. 


Fig. 8. Type of coloring of flower-segments. 


a. Entire. d. Blotched. g. White-eyed. 
b. Margined. e. Rayed. h. Unspotted. 
c. Faded. f. White-grounded. i. Unspotted (white). 


The color of pollen is usually chocolate brown, sometimes orange-brown and 
very rarely yellow. Yellow pollen has been found so far only in the flowers whose 
ground color is white. It occurs sometimes in the reddish flowers of field-grown 
plants, but this is considered to be induced by virus diseases. Sometimes both 
brownish and yellow pollens are found in the same plant, or even in the same flower. 
The rate of germination of the yellow pollen, considered as abnormal, has been 
found to be lower than the normal yellow pollen Cf. pumnctatum), as the result of 
the germination test. 

The shape of a stigma differs distinctly according to the origin, as shown in 
Figure 5. The stigmata of the plants from Nagasaki, Kochi, and Tokushima are 
sub-capitately truncate, those from Koshiki are capitate, and those from Formosa 
are sub-capitately truncate and sub-constrict.. The colors of the stigma are distingui- 
shed into white, green, faint purple, purple and dark purple. There has been found 
no consistent difference. The capsules of the Koshiki-plants are a little larger than 
those of the Nagasaki- and Kéchi-plants, while in the Formosa-plants, somewhat 
smaller. 

The time of flowering differs highly according to the origin, when they are 
grown in the same condition. 

Correlation between various characteristics—Among various characteristics, 


correlation could be found in the following combinations, i. e., between the deepness 
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Table 1, Comparison of characteristics of Lilium speciosum from different origins 


Pe Type I i Illa II[b-b/ 
Sy = —$—<——— 5 
os "Peat 
~_ Origin Kagoshima boris 
pas Formosa Kumamoto Nagasaki ea Ca 
Characteristics \_ Fukuoka 


Bulb: 
Whole shape 


Shape of scale 

Bitterness 
Stem: 

Length 


Relative thickness 
Shade 


Leaves: 
Phyllotaxis 
Direction 


Shape 
Size 


Thickness 
Deepness of shade 


Impression along 
veins 


Tip 
Undulation in the 
margin 
Flowers: 
Pedicel 
Direction 
Refiexibility 


Undulation in the 
margin 


Deepness of shade 
Type of coloring 


Style 
Ovule 
Stigma 


Time of flowering 


Fruit 


flattened globose 


lanceolate-ovate 
strong 


considerably 
long 


intermediate 
purplish brown 


tending to 1/2 


lateral to 
sub-pendulous 


lanceolate to 
oblong-ovate 


very thick 
medium 


very slight 
usually acute 


very slight 


long and slender 
sub-pendulous 
usually strong 


rather strong 
usually deep 


blotched or 
white -grounded 


short 
somewhat small 


sub-capitately 
truncate, 
sub-constrict 


late Aug. to 
early Sept. 


rather small 


rather flattened 
globose to 
globose 


lanceolate-ovate 
strong 


short 


thick 


usually light 
brown 


less tending to 1/2 
usually lateral 


lanceolate to 
oblong-ovate 


thick 
rather pale 


slight 
usually acute 


very slight 


short and thick 
sub-pendulous 
usually slight 


usually slight 
usually deep 


usually margined 
long 

somewhat large 
capitate 


late July to 
early Aug. 


rather large 


rather flattened 
globose 


broad lanceolate 
slight 


considerably long 


intermediate 


usually light 
brown 


tending to 1/2 


lateral to 
sub-pendulous 


broad lanceolate 
to elliptic-ovate 


large 


intermediate 
medium 


strong 
usually attenuate 


strong 


intermediate 
sub-pendulous 
intermediate 


usually slight 
intermediate 


usually blotched 
intermediate 


sub-capitately 
truncate 


late July 


flattened globose 


lanceolate 
slight 


long (IIIb) 
short (IIIb’) 


thin 
usually green 


tending to 1/2 


usually 
pendulous 


broad. lanceolate 
to elliptic-ovate 


large (IIIb) 
small (IIIb’) 


thin 
deep 


strong 
usually attenuate 


strong 


long and slender 
pendulous 
usually strong 


rather strong 
usually pale 


usually faded 
intermediate 


— 


sub-capitately 
truncate 


early to. middle 
July (IIIb) 

late June to early 
July (IIIb’) 
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of grouni color and that of a flower, as well as between the deepness of ground 
color and the type of coloring of a flower. In the former case, the deeper the 
ground color is, the deeper the shade of spots is; and in the latter case, the larger 
the extent of color, the deeper the ground color. 

Regional differences—Table 1 is a summary of characteristics of the plants 
from different origins. The shape of a stigma, the feature of the tip of and the 
impression along veins of leaves are the most distinguishable characteristics. In 
these respects the plants from Formosa, those from Koshiki and those from Naga- 
saki, Kochi aud Tokushima show characteirstics that can be easily distinguished. 
In the last group, there could be found considerable differences between the Kéochi-, 
Tokushima-plants and Nagasaki-plants concerning the following: the form of the 
plant (the state of the upper stem),—especially whether it is apt to become pendu- 
lous or not—the direction and thickness of leaves, the direction of flowering, the re- 
flexibility of perianth-segments, the time of flowering and other less remarkable 
characteristics. Thus four groups can be discriminated. The variations of characteris- 
tics of each group are sometimes remarkable and usually overlap each other, but any 
plant of each group shows fixed type as a whole, even if grown in the field under 
the same condition. Wild habitats are regionally isolated each other, and therefore 
groups above mentioned may be considered respectively to be geographical races. 
The race of Nagasaki and that of Kochi and Tokushima resemble more or less one 
another, but the former is of coastal origin and the latter is of inland origin. The 
plants from Jinry6 village, Tokushima Pref. are a little smaller in size than those 
from Kochi. Thus, the geographical races of L. speciosum are to be divided into 
four types, i. e., Formosa-type (Type I), Koshiki-type (Type II), Nagasaki-type 
(Type IIIa) and Koéchi-type (Type IIIb). From the last type, the JinryO group may 
be distinguished and named as Type IIIb’. It is found that the plants from the 
mainland of Kagoshima Pref., Kumamoto Pref. and Fukuoka Pref. in Kyasht Pro- 
vince, and those from Ehime Pref. and the western part of Kochi Pref. in Shikoku 
Province belong to the Koshiki-type. However, it is doubtful whether the Koshiki- 
type of Shikoku Province is spontaneous or not. Concerning the degree of the 
variation, the plants of Koshiki-type seem to be most intense among these four 
geographical races. The Koshiki-type is also the strongest and the easiest for 
cultivation. (To be continued) 
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It has been known that the growth of isolated coleoptile sections is promoted 
by auxins. The growth of leaf sheath sections from green grasses is less understood 
than that of coleoptile sections. Unlike the coleoptile, which reacts sensitively to 
light, the green leaves of grasses do not bend towards the source of the light. 
Hence, it seemed interesting to examine whether or not the growth of the green 
leaf sheath sections of grasses is due predominantly to auxin or to other factors. 
The present work deals with the leaf sheath sections isolated from the sixth 
growing leaves of young rice plants. 


Material and Methods 


Rice plants (var. Aichi-Asahi) were grown in summer and used in all the ex- 
periments described in this paper. The seeds were selected from the stock and 
immersed in 0.1% ‘Uspulun” solution for 20 minutes. They were then washed 
thoroughly and permitted to germinate in running water. When the emerging 
coleoptiles attained about 1 mm in length, the seedlings of the same size as far as 
possible, were selected and placed in the wet seed-bed with complete nutrient. At 
the age of about 20 days, when they reached a length of about 30 cm, plants started 
to develop the sixth leaf. In such plants active growth is largely restricted to this 
sixth leaf sheath. Plants were selected whose sixth leaf had attained a length of 
about 18 cm. At that stage the sheath of the sixth leaf was about 20 mm in length 
and ready for use. For use in most of the present experiments the leaf sheath 
sections of 3-5 mm long were cut with a double-bladed cutter at a distance of 1 
mm from the base of the sheath (see Fig. 1). 

Length measurments. After the selection of plants the sixth leaves were 
gathered. The experimental sections were excised and placed in glass-distilled 
water. Random samples of 15 sections were then immersed in 25 ml wide mouth 
bottles containing 5 ml of the culture medium. The bottles were placed in the dark 
in an incubator at 30°C. Length measurements were made after 20 hours with 
an ocular micrometer equipped in a stereoscopic binocular dissecting microscope. 
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Sections sometimes exhibited contorted growth, 
making the length measurement difficult. 
Auxin determinations. Amounts of auxin 
were determined by the method of diffusion! 
and extraction”. Diffusion method: The sixth 
leaf sheath of 20mm in length was divided 
into an upper and lower half. The cut sections 
were placed with their bases on agar blocks, 
twelve sections per twelve blocks, and kept for 
3 hours. The blooks were then tested on the 
Avena coleoptile. Extraction method: 200 sec- 
tions from upper and basal regions, each 8 
mm long, were extracted respectively with ether. 
Ether was evaporated and the residue was 


«<— Blade 


A 


q— heath 


A 


Fig, 1. The lower portion of 
the sixth leaf of a rice plant. 
A. Portion utilized for section growth 
experiments. 


mixed with 0.2 ml of 2 % agar. The agar was cut into twelve small blocks in 


the manner described by Van Overbeek” and the blocks were then tested on Avena 


coleoptile. 


Results and Discussion 


The preliminary tests of the growth of green sheath sections showed that pra- 


ctically no elongation occurred in the absence of sucrose. Representative results 


from such growth tests are shown in Fig. 2. The optimum sucrose concentration 


appears to be in a range of 2-4 %. 
Glucose and fructose possessed activities 


equal to that of sucrose. lan 

Experiments were next conducted to a 
make clear the nature of a factor or 2 
factors which, in the presence of sucrose, & 


limit the growth in length of the leaf 
sheath section. In order to screen com- 
pounds for their possible effects on the 
growth of leaf sheath sections, the test 
materials were incorporated into basic 
media containing 2 % sucrose in 1/200 
M phosphate buffer of pH 5.5. For the 


4 


w 


~w 


0 it 2 3 4 5 


Concentration of sucrose (%) 


Fig. 2. The effect of sucrose concentra- 


tion on growth of rice leaf sheath 
sections. Initial length of section 
was 5 mm. 


tests, inorganic salts and organic acids were added at concentrations of 100 and 
200 ug/ml. Amino acids, vitamins, and growth hormones were tested at concentra- 
tions ranging from 0.1 to 100 ug/ml, except for growth hormones which were added 


at concentrations of 0.1 and 1 pg/ml. 


The results are summarized in Table 1. MnSQ,4 and succinic acid stimulated 
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Table 1. The effect of various compounds on the growth of leaf sheath sections 
excised from rice plants. 


Concentrations 


Be ce Compounds tested ag ag Growth effect 
pg./Mmi. 
2 : z Slight growth inhibition by 
Inorganic = J KCI, KNO3, CaClz , MgsO«, 100 & 200 CaCl; about 15% growth 
salts NH4Cl, MnSO4, FeSO4 , CoCle. stimulation by MnSO4. 
; Fumaric, succinic, malic, 15% th».stimula- 
Organic Dae : About 15% growth stim 
: citric, pyruvic, and 100 & 200 : . d. 
acids a-ketoglutaric acids. tion by succinic aci 
DL-«-Alanine, §-alanine, 
L-arginine, L-aspartic acid, 
L-cystine, L-glutamic acid, 
‘ ; glycine, L-histidine HCl, Slight inhibition by 
oT 'L-hydroxyproline, L-isoleucine, 0.1-100 DL Pathioteds and DL-8- 
ide \L-leucine, DL-lysine HCl, DL- : phenylalanine 
2 abo methionine, DL -6-phenyialanine, < 
DL-proline, DL-serine, L— 
| tryptophan, L-tyrosine, DL- 
| valine, asparagine. 
Thiamine HCl, lactoflavine, A oneer 
; : pyridoxine HCl, nicotinamide, + Slight inhibition by 
Vitamins Ca pantothenate, biotin, 0. 1-100 nicotinamide and 
adenine sulfate. adenine sulfate. 
Indoleacetic([AA), naphthalene- Marked inhibition by 
acetic(NAA), phenylacetic(PAA), IAA, NAA, PAA. and 2,4-D. 
and e 4-dichlorophenoxyacetic 
acids(2, 4-D). 
Aes wees 2-Chlorophenoxyisobutyric 0.1 &1 
i and 4-chlorophenoxyisobutyric 
acids. 
2,3, 5-Triiodobenzoic acid. About 30% growth stimula- 
Gibberellin. tion by gibberellin. 


the growth. Gibberellin exerted a considerable stimulation of growth. CaCl», pt- 
8-phenylalanine, nicotinamide and adeninesulfate were slightly inhibitory. Auxins 
such as indoleacetic acid (IAA) completely inhibited the growth of sheath sec- 
tions. Other compounds were found to have no detectable effect. It is a very 
curious feature that the sheath section growth was powerfully inhibited by auxins. 
The activity of IAA was then further investigated over a wide concentration range, 
and the effects of IAA and phenylacetic acid(PAA) are summarized in Figs dcmeee 
a solution of 0.1 ug/ml IAA, the growth of sheath sections was almost completely 
inhibited. With decreasing concentration of IAA the inhibition of the growth re- 
duced, and concentrations as low as 0.0005 ug/ml caused no measurable effect. PAA, 
which possesses extremely low activity in promoting the excised coleoptile sections?, 
was less inhibitory than IAA. No increase of the section growth even in low con- 
centrations of [AA or PAA was observed in these experiments. «@-Substituted isobutyric 
acids, which are inactive in the coleoptile section test, were also inactive in the 
leaf sheath section. These facts are taken to indicate that the chemical structure 
which is required for the growth activity on coleoptile growth is almost similar to 


June 1956 Bot. Mag. Tokyo, Vol. 69, No. 816 261 


that which is responsible 
for the growth inhibition 
of the leaf sheath. This 
suggests also that auxin 
is involved in an initial 
reaction whichiscommon 
to sheath inhibition and 
coleoptile elongation. 


Growth (mm.) 


Since cells in the 0 
0 0.0001 0.001 0.01 0.1 1 10 100 


sk: i 
aeathare continuously Concentration of auxin (yg./ml.) 


being formed at the base 

F Fig. 3. The effect of auxin concentration on growth of 
and grow immediately rice leaf sheath sections. Initial length of sections 
as they are formed, the was 5mm. (C0) IAA, (x) PAA, A: growth in 
successive sections con- disilled water 
tain cells of more advanced stages of development. In a subsequent experiment, 
four successive 3.24 mm sections of the sheath were cut in a five-bladed cutter. 
Each section was placed in a separate bottle the sections being labelled No. 1, 2, 3 
and 4 from the base of the sheath. Then they were allowed to grow as indi- 
cated above. The results are represented graphically in Fig. 4. The data show 
that IAA was not stimulatory to the elongation of the sections obtained from upper 
and middle as well as basal regions. The basal sections labelled No. 1 showed the 
most inhibitory response to JAA, and they grew most vigorously in the absence of 
IAA. The growth inhibition 
by IAA decreased from the 
basal to the upper sections 
and the growth rate of each 
section also showed just the 
same trend. Even higher 
concerntrations of IAA could 
not cause the elongation of 


Growth (mm) 


sections No. 4, which did not 
grow in sucrose. 

From these observations 
auxin distribution in the 


0 0.001 0.01 0.1 1 10 
Concentration of IAA (yg./ml.) 


sheath appears to be of im- 
portance for the understand- 
ing of the growth of the Flg. 4. The effect of IAA concentration on 
growth of sections excised from different 
f regions of rice leaf sheath. Distance from 
terminations of the auxin base of leaf sheath (mm.): No.1 (O) 
content of basal and upper 1-4.24, No.2 (@) 4.24-7.48, No.3 (@) 


regions within the sheath were 7.48-10. 72, No.4 (@) 10. 72-13. 96. 


sheath sections. Hence, de- 
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made using the method of diffu- 


Table 2. Auxin assay of leaf sheath sections ? 
chek apelin td sion and extraction. Table 2 gives 


“Method Region Degrees of curvature the result of these estimations. 
a ee eeee””~*«<‘“‘é“S I fre iene ee ate ee 
upper 0.0 
Pend can be demonstrated by the diffu- 
basal 0.0 


sion method, was not found in 
the sheath. On the other hand, 
ons HER SE Sek A _ the bound auxin, which is obtained 

Standard curvature produced by IAA (50pg./1.): by the extraction with ether, was 
Ee i present all over the sheath. The 


basal regions of the sheath, in which the growth was inhibited by exogenous auxins, 


upper = 7140.7 
Extraction { 
basal —18.0+1.6 


contained much more bound auxin than the upper regions. 

To account for the growth distribution in etiolated seedlings of grasses, Went» 
proposed the so-called two-factor scheme. This scheme is based on the interaction 
of two factors both necessary for growth. Auxin, one of the factors, is produced 
at the tip of the coleoptile and transported downward. The other factor is called 
the “food factor” which is supplied by the seed. As shown in Table 2, a relatively 
high auxin concentration was found at the basal regions of the sheath, decreasing 
towards the upper region, a distribution quite the reverse of the coleoptile. Fig. 3 
also shows that sections from basal regions grow vigorously, if supplied with sucrose. 
According to the two-factor scheme, it may be tentatively explained that the growth 
of the basal regions of the sheath is limited by the food factor. 


Summary 


The growth of the green leaf sheath sections excised from young rice leaves 
occurred in the presence of the sugar such as sucrose. Inorganic salts, organic 
acids including amino acids, vitamins, and growth hormones were tested for their 
effects upon the growth of the sections in the presence of 2% sucrose. Auxins 
inhibited the sucrose-induced growth of the leaf sheath sections at the concentra- 
tions that stimulate the growth of coleoptile sections. The growth of the basal 
tissue of the leaf sheath, where auxin was in excess, seems to be limited by nutrients 
other than auxin. 


The writer gratefully acknowledges the advice and helpful criticism which he 
has received from Prof. T. Miwa and Dr. T. Hayashi during the experiments and 
in the preparation of this report. 
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In the previous paper? the author showed that the polyphenolase from the 
subterranean stem of Scopolia japonica was not-able to oxidize monohydric phenols 
directly. While, it is well known” that the induction period of the polyphenoloxi- 
dase acting upon various monohydric phenols can be eliminated if a small amount 
of a reducing agent or a diphenol is added. The method and result of experiments 
carried out in respect of the problem now in question are described. 


Material and Method 


The crude polyphenolase (15.0 mg. dry weight per 1.0 ml.) was prepared, from 
the subterranean stem of Scopolia japonica, by the method as described in the 
previous paper. Oxygen uptake was determined manometrically at 35°C and pH 
7.3 L-ascorbic acid or dopa (each 0.5 ml.) being contained in a side arm, while the 
enzyme solution (1.0ml.) was contained in a main chamber. The extent of the 
oxidation of p-cresol was determined with an electric colorimeter using 480myp filter. 


Results and Discussion 


1. Oxidation of monohydric phenols in a longer period of reaction. 

It is shown in Table I that all the phenols except L-tyrosine were oxidized 
considerably by the polyphenolase of Scopolia japonica in 20 hours, showing a colour 
development in different degrees. 1t-Tyrosine was, however, readily oxidized by the 
polyphenolase prepared from the potato tuber exactly in the same way. The poly- 
phenolase of Scopolia has in some respects a like property of an oxidase in Sizzolo- 
bium hassjoo, reported recently by Hattori and Shiroya® as the Stizolobium enzyme 
did not oxidize the L-tyrosine. 

2. Effects of dopa and r-ascorbic acid on the oxidation of monohydric phenols. 

As shown in Fig. 1 and 2, the addition of a small amount of t-ascorbic acid as 
reducing agent or dopa as diphenol, shortened remarkably the induction period in 
the oxidation of f-cresol and phenol. 

It might also be suspected that the addition of the reducing agent or the 
diphenol caused only seemingly but not truly the increase of oxygen uptake by 
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Table I. The oxidation of monophenols by 
polyphenolases. 


polyphenolase from polyphenolase from 


Phenols Scopolia japonica potato tuber 
catechol -:rresssseeee ee oe eee ee 
dopa wee side Cewecscceccccccees + + ec cece esc ascsescce 
P-CresOl ssrereeee steerer te ae ees 
phenol «++ --+1+-ss etree + Se 
L-tyrosine -:+:eseeerr- SOM ecu eane Holy 


Remarks: 1) The oxidation was detected by the colour 
development in the mixture containing 2.0 ml. 
of enzyme solution, 2.0 ml. of phosphate buffer 
(M/15, pH 7.3) and 1.0 ml. of substrate solution, 
after 20 hours of reaction at 35°C. 

2) Each control tubes were made of 2.0 ml. 
of dist. water, 2,0ml. of phosphate buffer 
(pH 7.3) and 1.0 ml. of substrate solution. 

3) Concentrations of substrate solutions: cate- 
chol 10-2M.,DL-dopa 10-3M., p-cresol 0.032M., 
Phenol 0.032 M. and L-tyrosine suspension. 


90 0 
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the monohydric phenols 
themselves. It is shown, 
however, clearly in Table II 
that the increase in oxygen 
uptake is always accom- 
panied with an increase in 
the optical density of the 
resultant solution. Thus the 
monophenols have certainly 
been oxidized by thd poly- 
phenolase, as was described 
in the former work. Similar 
results have also been ob- 
tained with an insoluble and 
a soluble enzyme separated 
from the leaf of this plant”. 


p-cresol plus dopa 


p-cresol plus L-ascorbic 
acid 


A 


L-ascorbic acid 


dopa: 


p-cresol 


endogenous 


60 


Fig. 1. Effects of dopa and L-ascorbic acid on the oxidation of p-cresol. 
(Final concentrations: DL-dopa 0.25 x 10-3 M. , p-cresol 0.008M., L-ascorbic acid 


1. 25 x 10-3 M. ), 
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Fig. 2. Effects of dopa and L-ascorbic acid on the oxidation of phenol. 
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phenol plus L-ascorbic acid 


(Final concentrations: DL-dopa 0.25x10-3M., L-ascorbic acid 1.25x10-3M., 


phenol 0.008M. ). 


Table II. Effects of L-ascorbic acid and dopa upon the oxidation of p-cresol 
by means of polyphenolase. 


Beh Peeeok polvenenmias | Tamer “picdopadematye, | Orwpeale 

i 3.5 mg. 1.0 ml. 0.8 mg. — 0.17 75 (in 60 min.) 
1G - iLsOmiaa 0.8 mg. = 0. 01 45 (in 60 min.) 
LI. 3.5 mg. 1.0 ml. — — 0. 01 0.3 Cin 60 min.) 
IV. 3.5 mg. 1.0 ml. = 0.1 mg. 0. 32 44.3 (in 80 min.) 
We = 1.0 ml. = 0.1 mg. 0. 16 13. 3 (in 30 min.) 
VI. (cont.) - 1,0 ml. es oa 0.00 0.4 (in 60 min.) 


Remarks: Total volume of reaction mixture was made up to 4.0 ml. with 1.0 ml. of phosphate 


buffer (M/15, pH 7.3) and distilled water. 
* Reaction mixture was diluted to twice volume with distilled water, 


266 


fi tm 2 ME RR 69 Ge B86 WA 31 — 6 A 
180 
| 0: -tyrosine plus dopa (A) 


O dopa (A) 


440 


Oxygen uptake in ul 


L-tyrosine plus dopa (B) 


— 
a me ae dopa (B) 
= L-tyrosine 
a = — endogenous 
10 30 50 IO 90 


Time in minutes 


Fig.3. Effect of dopa on the oxidation of L-tyrosine. 
(Final concentrations: L-tyrosine suspension, DL-dopa 1.25x10-3M.(A), 
1, 25 x 10-4M. (B)). 


On the other hand, neither the t-ascorbic acid nor the dopa was effective upon 


the oxidation of 1-tyrosine. The result is shown typically in Fig.3. Table I should 
also be cited. 


Summary 


1. It was shown that a crude polyphenolase from the subterranean stem of 


Scopolia japonica oxidizes, in a longer period, p-cresol and phenol but not t-tyrosine. 


2, u-Ascorbic acid and dopa shorten remarkably the induction period in the 


oxidation of p-cresol and phenol; but they are not effective upon the oxidation of 
L-tyrosine. 
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Studies on the abnormalities in the Ophioglossaceae have been carried out by 
Roeper (1859) in Botrychium obliquum, by Goebel (1884) in B. Lunaria, by Bower 
(1896, 1908, 1911) in a few species of Ophioglossum, by Chrysler (1910, 1925, 1926) 
in B. lanuginosum and B. obliquum and also by others. Here the writer deals 
with observations on some abnormalities of Japanese species of this family. 


Observations 


A. Forking or duplication of the fertile spike is the most interesting abnormality 
of the Ophioglossaceae and it may be roughly divided into two different types. 

a) One type is shown by the forking or duplication of the normal fertile spike 
itself. Typical examples of this case are found in B. fternatum, O. vulgatum and 
O. ellipticum (Fig. 1,A,F). In B. ternatum, forking occurs at the base of stalk of 
the fertile spike, while in O. vulgatum and O. ellipticum at the upper part of the 
stalk or at the sporangious region. In order to know the course of the bundles, 
serial sections at the forking region are traced. In B: ternatum, the O-shaped 
vascular bundle** below the branching level divides into two unequal parts in the 
tangential plane (Fig. 2, A). The smaller C-shaped bundle enters into the fertile 
part, while the larger one into the sterile part, and the former again divides more 
or less equally, in a plane perpendicular to the preceeding division and then each 
bundle divides again into two equal parts. Each of two bundles soon appears like 
a pair of parentheses and enters into two fertile segments. The same condition 
is observed in B. japonicum, B. Lunaria and O. pendulum (Fig. 3). 

In O. vulgatum and O. ellipticum, there are four large or small bundles arran- 
ged in a plane at the top of the fertile stalk. At a short distance below the 
branching level, the larger one of the four is divided into two which enter into the 
branching. Such a forking is also observed in other species of Ewophioglossum and 
Ophioderma of Ophioglossum and in the subgenera Osmundopteris and Eubotry- 


chium of Botrychium. 


* Contributions from the Division of Plant Morphology, Botanical Institute, Faculty of Science, 


University of Tokyo, N.S.No.71. 
** It was already described by the writer (1955) that the O- or U- shaped vascular bundle 


occurs at the top of the phyllomophore of B. ternatum. 
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Fig. 1. Diagrams showing the 
forking or duplication of the fertile 
spike in abnormal forms of Bof- 
rychium ternatum and Ophioglos- 
sum ellipticum. A, the fertile 
spike equally forking at its top. 
B, a normal spike, and a smaller 
spike inserted on the sterile seg- 
ment. C, a normal spike, and a 
pair of smaller ones inserted on 
the sterile segment. D, a normal 
spike and a fertile spike on the 
sterile segment. E, normal spike, 
and three smaller ones inserted 
on the sterile segment. F, O. 
ellipticum with the fertile spike 
equally forking at its top. 


Fig. 2. AN pad nes succassive cross sections near the 
top of phyllomophore, showing the vascular bundles in abnormal 
fertile spikes. A, the fertile spike equally at its base. B,a 
normal spike, and a pair of smaller additional ones on the 
sterile segment x 30.s, sterile segment, 
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b) In other type, one or more smaller addi- 
tional spikes arise at the sterile segment. This 
type is also shown by B. ternatum (Fig. 1,B—E). 
Branching of the vascular bundles for normal 
spike and a pair of smaller ones on the sterile 
part is shown in Fig. 2, B. The O-shaped 
bundle at the top of the phyllomophore breaks 
into two unequal pieces. The smaller bundle 
runs up into the fertile segment. At a short 
distance further up in the sterile segment, the 
smaller bundles breaked off from each edge of 
the C-shaped bundle lead themselves to a smaller 
additional fertile segment (Fig. 2,B,a). On the 
other hand a pair of the bundles arises from 
each edge of the U-shaped bundle of the phy- 
llomophore (Fig. 2, B,b,2) and enter into the 
fertile segment (Fig.2,B,3). Also a pair of the 
bundles (Fig.2,B,4), as in the preceediug case, 
divides from each edge of the O-shaped bundle 
of the sterile part. Two divided bundles 
rotate so that their xylem groups may come to 
face the C. These bundles generally approach 
one another and are soon fused edge by edge 
at their short distance 
in. their course, but 
at a higher level they 
separate again. and 
each bundle divides 
into two in the radial 
plane. Then, two 
bundles on the right 
hand supply to one 
spike and other two 
on the left hand to 
the other spike. Such 
a condition is re- 
cognized also in B. 
Lunaria and B. japo- 
nicum. In a few ex- 


f, f! fertile segment. ample, however, the 
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fertile spike attaches to the base of the sterile segment 
(Fig. 1,D) and further, in an extreme case, the fertile 
spike arises near the sterile segment. In many cases, addi- 
tional spikes are smaller than the normal one. 

B. The fertility of the sterile pinnae is widely distri- 
buted among the species of Botrychium. As an example 
of this case, a part of a basal pinna of B. japonicum is 
shown (Fig. 4). Usually the sporangia are few in number 
and found on the margins of one or more pinnae. In this 
case the fertility is acropetal. The features of these 
sporangia arise by the partial curing of the leaf margin 
similar to that of Other modern ferns. This condition is 
also found in B. ternatum. Very rarely the partial 


fertility of the sterile leaf is found in O. reticulatum Fi, Seabee te eta 


preserved in the Herbarium of the University of Kyoto of Ophioglossum pen- 


: dulum, showing details 
Ging 6): : ; of the additional spike. 
On the other hand, the transformation of the fertile x 1/7. 


spike into the sterile frond is often found in the subgenus 


“ay ; : Fig. 5. Abnormal form of Ophio- 
Fig. 4... Botrychium japonicum, sterile glossum reticulatum, showing the 


laminae bearing sporangia on the sporangia on a part of the sterile 
pinnae. x 1.5. leaf. nat. size. 


Osmundopteris (Fig. 6), especially near the apex of fertile spike, rarely also in the 
middle part of sporangious region. Generally, in this case the course is contrary 
to the preceeding cases, basipetal. | 

C. The variations of sterile segment are of rather rare occurrence in the 
sterile segment of Botrychium. Normally, the sterile segment of B. ternatum has 
three principal division. Ina few example, however, the basal pinnae show the weak 
development. In extreme cases, one. of the basal pinna is very incomplete or 
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entirely deficient. The sterile leaf of Ophioglossum shows various degrees of trans- 


formation of its form. The most common condition is shown in Fig. 7. 


Fig. 6. A part of fertile frond 
of Botrychium  virginianum, 
showing a pinnula transformed. 
into sterile one. x1.5 


Fig. 7. Various forms of the sterile leaf of Ophio- 
glossum ellipticum, showing details of abnormalities. 
x<2/3. 


Discussion 


A. Forking or duplication of the fertile spike was already found by Bower 
(1908), Chrysler (1910) and others. According to Chrysler’s observation on Botry- 
chium, the highest number of additional fertile spikes is three and they arise from 
the lateral side of the normal one. In my observation on B. ternatum number of 
them is also from one to three. The position of the additional fertile spikes, 
however, is not always lateral, but also ventral, and in any case they face to the 
sterile segment as inthe case of normal spike. Usually, the additional fertile spike is 
smaller than the normal one, but in a few it is similar to that of normal one. It 
is also a noteworthy fact that the plants showing the additional fertile spike have 
in most cases O-shaped bundle at the phyllomophore. In my materials the fork- 
ing of the fertile spike occurs chiefly at. the bases of the fertile and the sterile 
segments. Probably this seems to due to their repeated bifurcations of the bundles 
in the bases of both segments. 

Moreover, it is significant that the additional fertile spike does not attach below 
the branching part of normal spike. It suggests that the phyllomophore, like the 
rhizome, becomes more stable than the leaf. In respect of the additional fertile 
spike at sterile frond Chrysler (1945) observed four cases in B. lanuginosum, and 
in my materials the fertile spike arises near the base or top of the strile frond. 

There are seemingly some similalities between the branching in this family 
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and that of Anemia. But in this family the bundles lead to two fertile spikes are 
derived from O-shaped bundle at the top of the phyllomophore at first as a single 
bundle, which then splits into two, while in Anemia the bundles are derived from 
each edge of C-shaped bundle, as pointed out by Ogura (1937). 

Bower (1926) figured the branching in basal part of the fertile spike of O. 
vulgatum and in sporangial part of the fertile spike of Helminthostachys zeylanica. 
Miyazawa and Yoshie (1938) reported three cases in B. japonicum ; namely, a pair 
of the fertile spikes nearly equal in size, a normal spike and a pair of smaller addi- 
tional ones and a normal spike and the whole fertilization of sterile segment. 

B. The occurrence of sporangia on sterile pinnae was observed by many stu- 
dents. Roeper (1859) and Goebel (1884) figured the example in B. Lunaria, 
though the writer has not hitherto seen such an abnormal form in this species. Accor- 
ding to Chrysler (1926) this feature is widely distributed among the species of 
Botrychium. Also, Bower (1926) noted that in Botrychium the abnormalities are 
highly variable, and that the distribution of the sporangia is the most important. 

Usually, the occurrence of the sporangia is observed in the basal pinnae of the 
sterile segment, though in extreme cases, the whole lamina may be converted into 
a fertile organ, as figured by Miyazawa and Yoshie (1938). It is probably due to 
the fact that a basal pinnae approaches to fertile segment. It may be considered 
that both sterile and fertile segments of this family are less stable. 

The transformation of the fertile spike into the sterile frond has been also re- 
cognized by many authors in various species of Botrychium. The extent of the 
transformation may be caused by the plane expansion of the sporangia. Generally, the 
transformation is apical rather than basal, though in B. stvictum it is seen at the 
middle region of the fertile frond. 

C. Little has been seen on the nature of the variation of the sterile segment 
in the Ophioglossaceous ferns. Generally, the abnormality of the sterile segment 
in Botrychium has been hardly seen, though it has been seen rarely, in B. ternatum. 

‘In Ophioglossum the abnormality of the sterile frond is widely distributed. In H. 
zeylanica, Banerji (1951) reports a case in which one of the lateral pinnae is 
divided again into three. 

Summarizing the above facts, the abnormalities can be seen in almost all species 
of this family, that is, they are the particular tendencies which may be seen in 
genus or species. Especially, it must be remarked that in these groups the 
position of the attachment of the additional spike is ventral or lateral, and it shows 
a tendency moving toward distal direction, that the transformation of fertile spike 
into sterile frond and the fertilization of sterile leaf are widely distributed among 
the species like other ferns, and that the ultimate branch of the shoot seems very 
unstable. From the observation of the various abnormal forms in the family, it is 
quite clear that this very unstable or plastic fern has an extremely variable primitive 
character as compared with the other ferns. 
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Summary 


Forking and duplication of the fertile spike are worth noticing abnormalities met 
in the present study. Forking of the spike was found in Botrychium ternatum, 
B. japonicum, Osmundopfteris, Eubotrychium, Ophioderma and Euophioglossum, and 
normal fertile spike with additional spikes was found in Eubotrychium and Sceptri- 
dium. The following other abnormalities are recognized. They are the occurrence 
of sporangia on the frond which is ordinarily sterile (Botrychium and O. reticulatum), 
the transformation of the fertile spike into the sterile frond (Osmundopteris) and 
the various malformations of the sterile frond (Botrychium and Ophioglossum). 
A detailed account of the situational relationship between normal and additional 
spikes is given from the view point of vascular anatomy. 

In conclusion the writer wishes to express his hearty thanks to Prof. Y. 
Ogura who gave him many directions, by which the work was carried out. Also, 
the writer’s thanks are due to many others for variable materials. 
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Sitiro SATO*: Studies on the Participation of Succinic Dehydrogenase in 


the Reduction of Tetrazolium Salt by Plant Embryo Homogenates.** 
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* PK eA Sets (Botanical Institute, Faculty of Science, University of 


Tokyo) 


** Contributions from the Divisions of Genetics and of Cytology, Botanical Institute, Faculty of 


Science, University of Tokyo, No.861. 
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So 
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FORMAZAN ADDED 
Fig. 1. Relation between formazan concentta- 


tion in reaction mixture and optical density of 
formazan solution extracted therefrom; No 
enzymatic reaction. Formazan was extracted 
with 17 ml. acetic toluene (glacial acetic acid, 
10 ml.; toluene, 7ml.) from the mixture (4 ml. 
each) which contained known amounts of for- 
mazan and the optical density was determined 
spectrophotometrically. 


a 69 4 816 = 


Wa 31 4 6 A 
eemit Fig. Licmtpiwot, Farr¥yO 
+ IB bh = VYIAUIX Beer DHEA LEAVE 
RE DEAE BRE CITIES. LRAOT, 
CORR CREF HRESMSC ee Loc7z ar 
z¥vEthKb beTSHR TIC OBPATH 
SZCEMEE SO 

QQ) ancBoee FARCE SZ477 
HE OPE D2 CMI, 60 RO ik 
TERRA e Tab.1 O'51C%S. MIE 
RE CHESSHID) R tt 0.01M 923-73 BMA 
lbw 100 ELKRACSbdbLKO 27 


Table 1. Effect of substrate concentration 
on the rate of TTC reduction by bean embryo 
extract. Extraction: About 200 ungerminated 
embryos were homogenized in an ice-chilled 
mortar with about 15 ml. of cold phosphate 
buffer (0.1M, pH 8.0) containing 0.25 M 
sucrose. The homogenates were filtered 
through gauze and centrifuged lightly. The 
resulting supernate (cell free extract) was 
employed as the enzyme preparation. Reac- 
tion mixture: Tissue extract, 1 ml.- (about 
20 mg. protein) ; phosphate buffer (0.1 M, pH 
8.0, containing 0.25 M sucrose), 2ml. ; sodium 
succinate(0—0.02 M final concentration), 5 ml. ; 
distilled water, 1.0ml. Total volume: 5ml. 
The substrate and TTC were tipped from the 
side arm into the main tube after temperature 
equilibration for 5 min. Thunberg tubes ; gas 
phase, 100% nitrogen, 37°C; reaction time 60 
min. The formazan produced was determined 
as described above (see the explanation for 
Fig. 1). 


Concentration of 
Na-succinate (M) 0 0.001 0.01 0.02 


Formazan produc- 


ed (optical density) 0-047 0.075 0.139 0.097 


Reaction rate Hons : 
(R) 34 } 54 100 70 


R: Relative reaction rate as % of that with 
0.01 M substrate. 


* CORLEW YO BFROP PHOT T A EMD BONER FF 


June 1956 Bot. Mag. Tokyo, Vol 69, No. 816 275 


Hit BARR te EHEPEA ee 4 Be, 
DRROMR YO Git 0.01IM OLX 
CRADLE ZR. LOT 
HH OSEER GLU FIL & & DYLED 
a+ RY —-KxREBBELCMZ 
ee a (aa By aps 

(3) BROOME Pico 
CEO Fe & EEK Cv a 
ba we 5. < OI) C54 tm CH 
* DURE FEVER O<K 0, A 
FE CHI SEC, 1 RIOT 
THelLPSt Fig. 2 OFF as 
AGH — HIT R (TPH 
DBEBU (WE SIT HHT 
Edw, BRASS COEME ) 
Tay CO SICIL, PEPPERS & RR 


FORMAZAN PRODUCED (OPTICAL DENSITY) 
So 
On 


SAE CALI & GAA S ECE 
ORS C 2 RECO CHICO Me Ul 
De (Fig. 3). MiRlIRT SS 4b 2BHO SW? 
(RI— DUBE CHETFT ZC UBALHNS}NS. tho— 
DORIC AE 4.5 HB Cb CRIT 
PRIZ HEFT Leto 

(5) RisthoBeih AKROMGy a 
HED PSRE(X 0.20M GC NADH LEIS SHE CHS 
Di, COPS 0.05, 0.65, 0.95Mic mre 
b\Ojsjome Fig. 4 (cit, Nb, i270 
DOLSKHKEO BA OZWS 15S 
t, GRRMP COL, HikiRPCLbwo tas 
HDS, SWRA, BHC 2 >> 7 AMA 
MSs bay FV ve EOKAMIGA MMIC Ss. 
LENTWHZCLAM DICH OD, BH w Kept 
BChS baAY FU Ve S.C ComMale BTC 3 > 
7 WB ik SER OD TEPEDSA & D Ive 61118), 
AAMC BS TIC OFFIC LA MAMIE AL 
DOMES UCOSLEBSAROHIR SK 
Wo LRAOT Fig. 4 Kh bdbnEBAMO Zz 
WS L 5 BAAN OB ARKRRIT TN TS Sav 
MAT SZLOLEERENSA. LOLA, * 
KIOWES, DE, BCS OMMAMMZ ve 
fe UC HERIEIRRB IC Lic 2 -- ZIBIE (LSA 6 BE 


elewes 


10 20 30 40 
AMOUNT OF EXTRACT USED (mg. protein/me.) 


BSR AT o . Fig. 2. Reaction rate as a function of the amount of 
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Fig. 3. Tims course of TTC reduction. 
Substrate, sodium succinate 0.01 M. 
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Fig. 4. Dependence of the rate of TTC 
reduction as affected by the tonicity of 
reaction medium. Experiments were car- 
ried out as stated above, (see Table 1), 
but with 0.01M sodium succinate and 
with varied concentrations of sucrose. 
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Fig. 5. Rate of endogenous reduction of 
TTC (without the addition of succinate). 
In striking contrast to the results with the 
addition of the substrate (Fig. 4) the rate 
was not appreciably affected by the hyper- 
tonicity of reaction medium with higher 
sucrose concentrations (1 M), however, 
more or less marked depression of the 
reaction rate Was noticed. The experi- 
ments were carrid out as stated above 
(see Fig. 4), but without the addition of 
the substrate. 
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Fig. 6. Effect of various sucrose concent- 
rations on reaction rate. The homogenate 
was prepared with hypotonic phosphate 
buffer (0.1M) without the addition of 
sucrose. The reduction of TTC was not 
markedly enhanced by the addition of 
sucrose 0.0004M to 0.2M; but a certain 
deterioration with 0.4M to 0.8M_ sucrose 
(final concentrations). 
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Table 2. Effects of various inhibitors on 
TTC reduction. Experiments were carried out 
as stated above (see Table 1), but with 0.01M 
substrate and with the addition of the inhibi- 


tor solution instead of distilled water in the 


control, 

Inhibitor any pee Reaction rate 
None (control) — (100) 
Malonate 0.001 94 

" 0.01 - - 28 

” 0. 02 0 
Oxaloacetate 0. 001 0 
Pyrophosphate 0.001 Mm 
Ferricyanide 0.001 19 
Arsenite 0. 001 76 
Monoiodoacetate 0.01 74 
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Table 3. Effects of KCN and NaNg on TTC 
reduction rate. Experiments were carried out 


as stated above (see Table 2). 


Inhibitor ape elon Reaction rate 
None (control) — (100) 
KCN 0. 0001 85 

” 0. 001 64 

” 0.1 383 
NaN3 0.001 99 

[Mp 0.01 73 


Fe V(X 0.001IM Ci YD} Fv yeeeey 
CHARA ERe LO Li. CORRS 
2 AW Pe RRO [LW EMF S. LEDOCH 
FOWLSW ORB BA, Be UCHR 
TAPFFICHSRTS L(A. HOLY 
EA RDADBZGIMLE SEN: HHAEEY 
— FX 0.01M G-P-PL AWE ¢ Bs, 0.001 
M GILfFRRAEDSOL AM CRA, Lew! 
OC, TTC tC WIC $sV> CHB LOCH 
SSNS RLS LY — PICLOCINEL ALLE 
FAX SSE ERD LO CHS, 

PRVHURIT 331 % GUO BABE FAIL AF Uy Bee 
HRKRELEL SE LAL BBE, 
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b, FMB CBSA) “CIS BCINRIE & A EME 
#7 LIEV 

(11) 4oth 2~3 DEMOAVEEI CD 
BERL ISICOV CLR AWS L 5 ORE 
DUE LIEHMBL SN TCWZIWO ST, Wf DHO 
Bid ZR MOCERe LOXCAR. tHE OM 
RLU Fd b Kew OFA CMT 54 OCHO 
feo (Tab. 4), 

+ FBIM ORR CCM LU CHR 
SNAPE CHBEAO HSS LBALHSNE 
DCHAA, PREC 4c RUBE CHAE 
bblko ERHFLOOWSW EES E DOI 
LOG ¢. 0.001M GlhSbdHNE. 27> 
yee edit TCA #4 PVA LOHACHS 7= 
VIR BLU MEK STN s VPRIX 
aos FIBIZ EGIL DYEMEPER Re LO LKo 5 
MM BAIO 7 y {EY — # EBD t7 a- FY 
FIBILD% OC MEW CHP 


Table 4. Effects of various reagents on TTC 
reduction rate. Experiments were carried out 
as stated above (see Table 2), except that 
sucrose, acetate, citrate, and glutamate were 
added in place of succinate. 


Reagent ee ST ea rate 
None (control) — (100) 
Sucrose* 0.004 114 
Acetate 0. 001 101 

" 0.01 74 
Citrate 0.001 117 
Glutamate 0. 001 148 
Na-fluoride 0.01 117 
Monoiodoacetate 0.001 131. - 

” 0.01 74, 


* See the explanation for Fig. 6. 
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Summary 


1. The reduction of TTC in the presence of embryo homogenates of Phaseolus 
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vulgaris was investigated by the colorimetrical determination of the amounts of 
formazan formed by the reaction under varied experimental conditions, and the results 
were compared with those obtained with the tissue slices (cf. previous papers). 

29 The rate of TTC reduction was shown to be dependent on the presence of 
succinic acid in the reaction medium, and it was concluded that this reaction was 
due to the activity of succinic dehydrogenase in the homogenate. 

3 The rate of TTC reduction was fairly constant for considerable reaction 
period, and the activity of the succinic dehydrogenase system was conveniently 
measured by determining the initial rate of formazan production. 

4, In harmony with the above conjecture, the poisons known to inhibit the 
action of succinic dehydrogenase (malonate, oxaloacetate, pyrophosphate, ferricyanide, 
arsenite, monoiodoacetate) all inhibited the TTC reduction in the presence of sodium 
succinate. 

5. The inhibitory action of potassium cyanide on the TTC reduction was 
demonstrated with homogenates as well as with slices of bean embryo. Sodium 
azide had no apparent effect on the reduction. 

6. The seemingly contradictory results of other investigators concerning the 
reduction of TTC and especially the problem ot participation of the succinic de- 
hydrogenase on the process were discussed. 
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Table I. Action of Q-enzyme from maize-seeds and potato tuber on an amylose-type dextrin. 
Reaction mixture contained 4.0 ml. of 0.3% polysaccharide, 2.0 ml. of 0.1M citrate buffer (PH 


6.7) and 1.0 ml. of enzyme solution. Reaction temperature 30°C. After incubation periods indicated 


Q-enzyme action was stopped by heating and the reaction product was further subjected to the 


action of B-amylase. With an aliquot of the digestion mixture maltose was estimated. 


Incubation period with Maltose produced. by the action 
Source of of 8-amylase 
Q-enzyme Substrate 
Q-enzyme B-amylase (average) 
min. hr. mg. % 
0 14 1.36 
16 1. 36 91 
Amylose 
90 14 1.16 
16 1.19 78 
Potato tuber 
0 14 1. 36 
16 1.36 91 
Dextrin 
90 14 1.28 
16 1.28 85 
0 19 1 ets) 
22 1.38 90 
Amylose 
130 19 0.94 
22 0.97 64 
Maize-seed ae eee 
0 19 1.33 
22 ese 89 
Dextrin 
130 19 1. 36 
22 to 90 
Ome 7 FRET V— 27 yOR-7 I 7-HVICLS 
SPEER (47%) ISEM OMe RTL 5 teen «100 
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Fig. 1. Limit of hydrolysis by Boamylase of 
glycoamylose. 

Reaction mixture contained 4.0 ml. of 0.3% 
glycoamylose, 2.0ml. of 0.1M citrate butter 
(pH 6.7),1.0 ml.of water and 1.0 ml. of 
B-amylase solution. Incubation temperature, 
30°C. With 1.0 ml. of aliquot, maltose was 
estimated. The concentration of. glycoamylose 
in the substrate solution was determined by 
acid hydrolysis (5% sulfuric acid at 100°C for 
3 hours) and subsequent estimation of glucose. 
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Table II. Action of maize Q-enzyme on glycoamylose. 


Experimental conditions were the same as indicated in Table I. 


: Maltos2 produced by the action 
Incubation period with of @-amylase 
eo Q evan 6-amylase mg. (average) 
hr. hr. 0 
15 1.45 
: 19 1,45 97 
eee 15 0.97 
: 19 0.97 65 
15 0. 71 
, 19 0. 74 60 
Glycoamylose i f: ne 
19 0.71 59 
fERIt, TVAT sv -AKUT i v—-AzOBK PERIL, HAO B-F 2 F—-—VCICLATMIRIL 69% 
RAZHEH 57% KU 100% ChHSD5KI 70 GC, MARO ERM ODAIRIZRY 59% “ChSo 
% LHANSECHS, CORR hVtrs COST 59% it, WURTF SP -ABTOE 
y OMB (EASERERY Fig. 2 (CRT EF EU 7 Fy CGP E2% ID OK RETICA 
e Wht, FIayirv—-ABMEDE €EHoK 
80 IL dV > OBB (59%) ICH Leo 


0 6 12 18 24 


Period of incubation with Q-enzyme (hours) 


Maltose produced by the action of @-amylase (%) 


Fig. 2. Action of maize Q-enzyme on glycoamylose 
in the presence of potato amylose. 

Substrate contained 7 parts of glycoamylose and 3 
parts of potato amylose. (A) indicates the theoretical 
limit of B-amylolysis of the substrate. (B) indicates 
the theoretical limit of B-amylolysis of the reaction 
end product when amylose is converted into amylo- 
pectin and glycoamylose remains intact by the action 
of maize Q-enzyme. 


s # 
ARRCHWORBAFT +e zAbRV vit, Y 
v¥RAEDQ HME L535 CHRMSNA, 
YER 27D QOHMRCLs CIPS 
WW SEF IEORG Re ho CWZOL* 
FDP Lito COLL, hVtw ay 
D QR Lo C7 iP -APHRML 
RIT TPeNIVFYD B-FTIF—HIESF 
STWR DS, Yr Aten Q-HKRKLoc 
RI IPA 7FYOtHEL YO LBW 
> HUEIOR RD 25k, KYtVayQ- 
BRI Lo CHIMES I 1 2 — AGO 
PRL, Verwte QHEKLSZLOS 
RWCLEMRLTWS, COLL, =¥ 
k, FivPA7FYOBRRRGOYnaK 
APRBCNENE Q- PRO HAH 
KLoCREENAZCLERLCWSA, ¥ 
AlLHAUD CHA bY = 2 YORBICE 
ENS74+FVA-Fvylt, Fserwy 
FYbbbhV ER 27D Q-BHOVEAI 
Lo TEKST SE OCLEWEBR KR > 
I 2BIORBR CLC, 7yeryVaAHey 
DAU < HRY ey 2 y OPI HEAR 


June 1956 


ANZ7VAV SU -ADPb Q-He OPEMICE 
2 THDNALO GLEE 5 AERERVIC 
Aen UL 2 Yam ee — Alc Sa, 

HOWILT <P —-ARKWBMLE LOA QM 
wfEFASeCh, B-7 SE F-VICLAS}ZD fw Ma 
AI% KE C7 ZRF VA-— Fy OBR SOK 
REMMI on Ok, FyarAVA-¥ 
YVIEF VAT sV—-ADFA, QHROPFMITE 
> CHIR DS EH 14 TR EE 


Bot. Mag. Tokyo, Vol. 69, No. 816 285 


Wie ks CHMTAZ LOGIE LBAbNS, 

AWIFEIC OU CAREC IRR O, Mimic 
D = Be & TAY to HOA AE BS i HE A 
MICWHL, BLOMAOCRELBOREREE 
SERN OTFE AT LUISA HEI UC < ROE 
REIS. Eh, —BMABORRCOWTC CHE 
Bc WAN Po RRA ASR ABZ IT AS LT ER 
WT Do 


Summary 


1. The Q-enzyme from non-waxy maize-seeds (Country Gentleman x Wisconsin 


No. 690) has been found to produce an amylopectin with longer branching chain 


than that of amylopectin synthesized by the Q-enzyme of potato, corroborating the 


previous finding of the author. 


6 


2. Anattempt to obtain phytoglycogen by the action upon glycoamylose of the 


Q--enzyme of the maize-seeds has been found unsuccessful. It appears unlikely to 


regard glycoamylose as a direct precursor of phytoglycogen. 
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4. F447 y (Cremastra variabilis Nakai) 
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Figs. 1-5. 1-2. Meiotic chromosomes in PMCs, 1. P. metabifolia F. Maekawa. 2, 
P. ophrydioides Fr. Schm. 3. Haploid chromosome set in pollen grain division of L. 
Kumokiri F. Maekawa. 4. Meiotic chromosomes in C. variabilis Nakai. 5. Somatic - 
chromosomes in RTC of-C. variabilis Nakai. x 1700. 
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Summary 


1. In the present study, chromosome numbers of 4 species in Orchidaceae were 
counted by the authors. 

29. Chromosome numbers of -Platanthera metabifolia F. Maekawa and P. 
ophrydioides Fr. Schm. in meiosis were found as n=21 and n=20, respectively. And 
that of Liparis Kumokiri F. Maekawa in the pollen nuclear division was n=13, and 
for Cremastra variabilis Nakai it was n=24 in the PMC and 2n=48 in the root tip 
cells. 

3. Karyologically, the chromosomes of 4 species here reported are all of nearly 


equal form and size. 
4. The behaviour of chromosomes in meiosis was regular. 
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Flowering Responses in Pharbitis Nil as Influenced by the 
Removal of Photoperiodically Induced Leaves 
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Many investigations have indicated that relatively long dark periods rather than 
relatively short photoperiod are a factor essential to the initiation of flower 
primordia in short day plants under natural conditions. In a leaf kept in darkness 
some change or changes may take place bringing about photoperiodic induction. 
This “status” is transmitted from the leaves to the growing point where mor- 
phogenetic processes occur resulting in floral initiation. In two-branched plants of 
Xanthium the receptor branch cannot produce flower primordia when the donor 
branch is removed after receiving two short days, whereas after 3 short days floral 
initiation occurs on the receptor despite of the removal of the donor branch (5). 
The case is also the same in leaves. Xanthium and Pharbitis, which initiate flower 
primorida by receiving a single dark period, develop flowers when the induced leaves 
are removed before any sign of flower formation is detectable at the growing point 
(6, 14). Recently the defoliation technique was used for investigating the sensitivity 
of leaves of different age and transmission of the stimulus from the leaf (8,9,10,13, 
14, 15). From 1951 to 1952 research was carried out on the influence of the removal 
of photoinduced leaves upon flowering responses in Pharbitis Nil. The main results 
were summarily reported previously (6), and a detailed description is the subject 
of the present paper. 

I. Material and methods. Three varieties of Pharbitis Nil., “‘ Violet’, ‘ Scarlet ”** 
and “Tendan”, were used in the present research. Strain “Scarlet” is very similar 
to ‘“ Violet ”, which was used in the previous experiments (6,7), not only in external 
characteristics but alsoin photoperiodic behavior. The most apparent difference is 
the position of the first two-foliage leaves on the main axis, being in “ Scarlet” in close 
proximity. ‘‘Tendan” is believed to be a wild variety from North-China and its critical 
dark period seems to be somewhat shorter than in the other two varieties. 

In a wooden box 20 or 25 plants were planted in 4 or 5 rows and at the start 
of the experiment the inferior individuals were removed. To eliminate the error 


* Laboratory of Applied Botany, Faculty of Agriculture, Kyoto University. R@Ay-Rm#ab 
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** We owe this strain to the kindness of the late Dr. Tanemori Megata, 
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due to the individuality of boxes, experiments were designed in such a way that the 
rows of plants receiving different treatments were growing side by side in one box in 
randomized order. 

They were grown since the seeds had been sown in the greenhouse under con- 
tinuous illumination supplemented with incandescent filament lamps at night. At 
varying times after the dark treatment of each given duration, the donor leaf was 
removed and the flower initiation in the receptor bud was examined after about 2 
weeks. 

In most cases about one-month-old seedlings were defoliated and debudded to a 
single just expanded young leaf and its axillary bud, which were used as donor* and 
receptor®, respectively. In some experiments two leaves were left intact as donors. 

II. Influence of removal of the donor leaf at the end of dark treatment of 
various duration. Four boxes with 20 plants in each were transferred to the dark 
room from a continuously illuminated bench, After single dark treatments of 12, 
16, 18 and 24 hours’ duration each box was returned to light and the donor leaf, 
which was the only leaf on the plant left intact, was removed at the top of the 
petiole. The plants were then grown under continuous illumination until harvested. 

In one experiment, shown in Table 1 (Exp. 1), the lots which received a 12 or 
16 hour dark period before the removal of the leaf blade did not produce a single 
flower primordium. In the lot of 18 hour dark period one plant out of 20 initiated 
a flower primordium. In the last lot which received a 24 hour dark period 8 plants 


Table 1. Influence of the removal of the induced leaf upon 
flower initiation in “ Scarlet ”. 


Duration of dark period before removal 


Responses of leaf (hours) 
12 16 18 24 
No. of plants with = 
flowers a 
Exp. 1* No. of plants 0/20 0/20 1/20 8/20 
observed 
No. of flowers 0 0 1 14 
No. of plants with 
flowers 
Exp. 2** No. of plants 0/20 0/14 1/17 7/16 
ce observed 
No. of flowers 0 0 6 44 


* Sown on April 21, experiment started on May 28, 1952. 
** Sown on April 23, experiment started on June 5, 1952. 


The terms “donor leaf” and receptor bud” have been usually used when both were located 
on different branches of one individual or on branches of two graft partners. In thé 


present and following papers the same terms will be applied also when those organs will 
be located on one and the same branch. 
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initiated 14 flower primordia in total. Another experiment showed quite similar 
.Tesults (Exp. 2). From these experiments we may conclude that the stimulus trans- 
mitted from the donor leaf within 16 hours is not strong enough to cause floral in- 
itiation in its axillary bud. 

III. Response upon defoliation in relation to the number of leaves subjeted 
to dark treatment. The time, in which the effective amounts of stimulus are trans- 
mitted from donor leaf, may be affected by internal and external conditions. Among 
environmental factors temperature may have the most striking effect. As to the 
internal factors the number and age of the donor leaves may be the most important 
factors. Further experiments were carried out to investigate the effect of the num- 
ber of leaves subjected to darkness. Plants with the first or second leaf and plants 
with both first and second leaves were subjected to dark treatments of different 
duration, at the end of which the leaf blade or blades were entirely removed at the 
top of the petiole. The axillary bud of the second leaf served as receptor bud. In 
the experiment represented in Table 2 the plants which had only the first leaf left intact 
did not produce flower primordia upon defoliation after dark treatment lasting up 
to 19 hours, whereas 4 out of 23 plants produced flower primordia when defoliated 
after darkness of 20 hours. Four out of 21 plants with the second leaf initiated flowers 


S 
Table 2. Response upon the removal of induced leaves. Axillary bud of 
the 2nd node served as receptor bud. “Scarlet” 


(Sown on April 23, experiment started on June 9, 1952) 


Duration of Leaves subjected to dark period 
dark period we AS Ist 2nd Ist and 
leaf leaf 2nd leaf 
(hours) _ 
No. of plants with - —— 
flowers i 
a ___ No. of plants 0/23 0/23 2/24 
observed 
No. of flowers 0 0 2 
No. of plants with = 
flowers = 
e —— No. of plants 0/33 0/34 4/34 
a ae observed 
No. of flowers 0 0 5 
‘No. of plants with —— 
A ee 
19 eee eee bt faite 0/23 4/21 7/23 
ae observed 
No. of flowers 0) 5 11 
No. of plants with ——~ 
flowers eee 1 16/2 
a No. of plants 4/23 6/ [23 
pa observed 
No. of flowers 5 C) 26 
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when the donor was removed after a dark period of 19 hours’ duration. In all lots 
with both the first and second leaves some plants initiated flower primodia and the 
number of the flowering plants as well as that of the flower primordia increased 
with the increasing duration of the dark period. The time required for transmission 
of the stimulus from the donor leaf was less than 17 hours in plants with two leaves, 
in those with the second Jeaf between 18 and 19 hours and in those with the first 
leaf between 19 and 20 hours. Thus an additive effect of stimuli transmitted from 
two leaves was apparent. 

In another similar experiment shown in Table 3, no plants which had only the 
first leaf as donor produced flower primordia, even if they were subjected to dark- 
ness of 22 hours’ duration before having been defoliated. Some of the plants in all 
lots with the second leaf initiated flower primordia, and increasing response with 
increasing duration of the dark period was also obvious. The flowering response 
in plants with two leaves was more evident than in the foregoing lot. The induc- 
tion by dark treatment given to the first leaf, which is not enough of itself to cause 
flowering, added up to the stimulus originated from the second leaf and the flower- 
ing response was intensified. 

That the time of transmission in plants with the first leaf is longer than in 


Table 3. Response upon the removal of induced leaves. Axillary bud 
of the second node served as receptor. “ Violet ” 


(Sown on May 20, experiment started on June 13, 1952) 


Duration of 


dark period Leaves receiving dark period. 
before Response 
defoliation P Ist 2nd Ist and 
(hours ) leaf leaf 2nd leaf 
No. of plants with = — 
flowers = te 
16 ee NOS Of plants 0/19 2/19 3/18 
observed 
No. of flowers 0 2 6 
No. of plants with : 
flowers Co eee 
18 =~ No. of plants 0/20 3/19 14/18 
observed 
No. of flowers 0 9 32 
No. of plants with == — + 
flowers a 
20 WEE 5 No. of plants 0/19 11/19 17/20 
observed 
No. of flowers 0 33 68 
INo> of “plants with = 
flowers = - F 
observed 


No. of flowers 0 62 71 
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plants with the second leaf, may be attributable to the following facts. In the first 
place, the first leaf is inferior in sensitivity to the younger second one just expanded 
(3, 7). In the second place, the distance between donor and receptor is longer in 
plants with the first leaf than in those with the second leaf. We cannot conclude 
with certainty which of the factors is the principal cause of the difference in res- 
ponse. There are some indications that the stimulus decreases on its way while 
passing through the stem, which will be reported on another occasion. 

IV. Stability of photoperiodic induction in the illuminated leaf. Further 
experiments were performed with the intention to investigate the influence of light 
upon a leaf which has received dark treatment in excess of the critical duration. 

Eight boxes with 20 plants in each were placed in the dark room. After 16 hours 
they were all returned to the illuminated bench. The donor leaves of one lot were 
cut off immediately after the transfer from the dark room. ‘The remaining lots 
were defoliated various hours after the dark treatment as indicated in Table 4. 
The lot defoliated immediately after the dark period remained vegetative. In the 
lot which received a 16 hour dark and thereafter a 2 hour light period 4 plants 
out of 19 produced 5 flower primordia in total. With increasing duration of the 
light period following the dark period not only the number of flowering plants but 
also that of flower primordia was increased. The increase was remarkable in the 
first few hours of the light period and became later less conspicuous. After a 
24 hour photoperiod the plants initiated as many flower primordia as the 
plants, whose donor leaf was left intact until harvested. The experiment shows 
clearly that a leaf, when once induced, can supply the floral stimulus to the receptor 
bud even if it is illuminated. 


Table 4. Stability of photoperiodic induction in light; leaves given 16 hour dark 
period were removed after having been exposed to light periods of 
different duration. “ Violet ” 


(Sown on June 29, experiment started on July 18, 1951) 


Duration of light period given before removal 
of the leaf which was previously subjected to 
Responses dark period of 16 hours’ duration (hours) 


0 2 4, 6 8 12 24 not 
removed 


No. of plants with ——— 


dowels : 0 17/20 17/20 19/20 
ea 0/20 4/19 10/20 9/20 11/20 17/ / / 

hell observed 
No. of flowers 0 5 20 19 21 OntE 40 48 


In Table 5 the results of another similar experiment with the variety “’Tendan” 
are represented. The responses of this variety are very similar to those of the 


foregoing experiment. 
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Table 5. Stability of photoperiodic induction in light; leaves given 14 and 16 
hour dark periods were removed after having been exposed to light 
periods of different duration. “ Tendan” 


(Sown on April 8, experiment started on May 2, 1952) 
Photoperiodic treatment given prior to the removal 
of the donor leaf (indicated by abbreviations) 


Response 1ghd 16hd 16hd 16hd {14hd 14hd 14hd 14hd 14hd 
40h] 42h] +4h1 +4ooh] |+0h1 +2h] 44h] 48h] ooh] 


No. of plants with 


flowers ___——_" 3 |0/20 0/20 3/18 10/19 12/19 
ST ees 0/20 3/19 7/19 16/1 / / / / / 
observed 
No. of flowers 0 @ 8 31 0 0 8 24, 24, 


Abbreviations proposed by Takimoto for indicating photoperiodic cycles (16). For example 
16hd +4h] indicates a dark period of 16 hours’ duration followed by a light period of 4 hours. 


In another experiment, the results of which are given in Table 6, 16 lots of 10 
plants each were placed in the dark room and divided in four groups of 4 lots each. 
After 12 hours one group was returned to the continuously illuminated bench. After 
further 4, 6, 8 and 10 hours the respective lot was deprived of the donor leaf. The 
second group was removed to the illuminated bench, after having keen kept 14 
hours in the dark room. The defoliation of the four lots was made 2, 4, 6 and 8 
hours after they were returned to the bench. The third group received a dark 
period of 16 hours’ duration and was defoliated immediately, and 2, 4 and 6 hours 
after having been returned to light. The remaining 4 lots received 18 hours’ 
dark period and were defoliated immediately, and 2, 4 and 6 hours after illumina- 
tion. As shown in Table 6, among the plants which received a 12 hour dark period 
flowering occurred only in one, which was defoliated 22 hours after the beginning 
of dark treatment. In the lots of 14 hour dark period also one plant flowered. In 
the other lots which received longer dark periods, i.e. of 16 and 18 hours, the flower- 
ing responses became evident with the delay of defoliation. Increase in response 
with increasing delay of defoliation could be seen only in plants which received a 
dark period of sufficient duration. This was more clearly shown in the following 
experiment. 

Five groups of boxes containing 20 plants each were subjected to dark treatment 
of 12, 14, 16, 18 and 20 hours’ duration. Each of the first 4 groups consisted of 5 
boxes, and the last group comprised 4 boxes. Four boxes, one from each of the first 
four groups, were defoliated 18 hours after the beginning of the dark treatment. 
Thus they received light periods of 6, 4, 2 and 0 hours’ duration before defoliation. 
In 3 series of 5 boxes each, one box from each of all five groups were defoliated 20, 
22 and 24 hours respectively after the beginning of dark treatment. The remaining 
5 boxes from each group were not defoliated. The results are shown in Table 7. 
The group which received a dark period of 12 hours’ duration initiated less flower 
primordia than the other groups, even when the donor leaf was not removed. In the 
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Table 6. Stability of the induction in light. Leaves given dark period were removed 
after exposure to light period of different duration. “‘ Violet” 


(Sown on July 7, experiment started on August 1, 1952) 


Duration of the | Time of removal of the leaf from the 
dark period Response | start of dark treatment (hours) 


(hours) 16 18 20 22 24, 


| 
| 


No. of plants with = 


flowers 
We ; Nor of plants 0/10 0/10 O/10 1/10 — 
ee observed 
No. of flowers | 0 0 0 1 _— 
No. of plants with ‘ 
flowers | 
14, No. of plants 0/9 0/8 1/10 0/10 — 
wears observed 
No. of flowers 0) 0 iJ 0 — 
No. of plants with oa 
flowers 
16 No. of plants 0/10, 2/10 4/10 6/10 — 
aoe observed 
No. of flowers 0 ay 10 Nes -- 
No. of plants with _ a 
flowers ; iy 
18 : —No. of plants 0/10 2/10 8/10 7/10 
Ere observed 
No. of flowers _ 0) 3 11 9 


groups which received 14, 16 and 18 hour dark periods, more flower primodia were 
initiated with the increasing delay of defoliation. The highest increment in response 
is found between the two lots which were defoliated after 18 and 20 hours. It is re- 
markable that the last group which received 20 hour dark period was far inferior in 
flowering response, and no increase in response with delayed defoliation was observed, 
a fact, which will be considered later in detail. 

V. Discussion. From the results obtained it was revealed that the time in 
which the flower inducing stimulus is transported from the leaf in effective amounts 
to cause minimal flowering response in an axillary bud is about 14 to 16 hours. 
Even if the amount of the stimulus produced within a definite period in a single 
leaf is not sufficient, it will add up to the stimulus supplied by another leaf, whereby 
the response is intensified and flower initiation occurs, This evidence indicates that 
the amount of photoperiodic stimulus depends upon the number of leaves or, strictly 
speaking, upon the dimension of the leaf area subjected to dark treatment. 

It is known that, in short day plants light inserted into a dark period decreases 
or annuls the effect of dark treatment. This is also the case with Pharbitis Nil. 

On the contrary, light given to a leaf after a long dark period does not destroy the 
induction. The illuminated leaf can continue to supply the stimulus to the growing 
point giving rise to a more pronounced flowering response. Whether, in this plant 
too, light given after the dark period has a stabilizing effect on induction, as reported 
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Table 7. Stability of induction in light. Leaves given dark treatment were removed 
after exposure to light periods of different duration. “ Violet 


(Sown on July 31, experiment started on August 28, 1952) 


i Time of removal of the leaf from the begin- 
Teele ning of dark treatment (hours.) 
period Response 18 20 29 24 not 
(hours) removed 
No. of plants with — 
flowers ‘ 6 1/15 3/20 
12 _-—"No. of plants 1/19 3/20 1/18 vf / 
ya. Sage observed 
No. of flowers 1 4 1 1 3 
No. of plants with —— 
flowers Se oee 12/20 
14 a A of plants 3/19 10/18 11/20 9/17 / 
My. observed 
No. of flowers 3 18 20 18 22 
No. of plants with 
flowers 
16 No. of plants 6/19 16/20 15/19 17/19 14/17 
observed 
No. of flowers 7 30 29 33 33 
No. of plants with ~~ 
flowers 
18 NG. of plants 2/20 13/18 15/19 17/19 15/18 
ee observed 
No. of flowers 2 31 34 48 52 
No. of plants with 
flowers as 
ay No. of plants 4/20 3/18 3/19 4/19 
observed 
No. of flowers — 8 8 9 13 


recently by Lockhart and Hamner for Xanthium (11), cannot be decided without 
further experiments. 

In some of the above experiments a long dark period was less effective than 
darkness of shorter duration in initiating flower primordia. This is clearly shown 
in Table 6, and in Table 5 in lesser degree a peculiar phenomenon, which must be 
considered in detail. 

According to the theory of Biinning the characteristic responses of long- and 
short-day plants to day-length depend upon a rhythmical alternation of sensitivity to 
light occurring within the plants (1,2). Two phases are postulated : photophile and 
scotophile. During the former, exposure to light promotes flowering ; during the 
latter, light either inhibits or has no effect upon flowering. These alternating phases 
are of approximately 12 hours’ duration. In the above mentioned experiment with 
a dark period of 20 hours the plants may have received darkness in the photophile 
phase of the next day, and thus the effect of dark treatment may have been reduced. 
In many short day plants it has been observed that prolonged darkness over a certain 
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duration is less effective in flower initiation. A dark period of 20 hours’ duration may 
be beyond the optimum and may include the “descending phase” of the dark period 
in the sense of Gregory (4). 

The above mentioned experiments were undertaken in summer in the green- 
house, where the temperature was not controlled and often rose to high degrees. As 
the plants were transferred to a dark room in the greenhouse from 5 p.m. until after- 
noon of the next day, it is highly probable that the temperature near the end of 
the long dark period may have been far beyond the optimum for photoperiodic in- 
duction and thus the responses might have been reduced. That an abnormally high 
temperature of short duration given in the dark period has a similar inhibitory 
effect as the light interruption was reported recently by Nakayama (12). We cannot 
decide without further experiments which alternative should be accepted, as we have 
no detailed information either on the diurnal rhythm of the physioloigcal activity 
or the “descending phase” of the dark period in the plant used in the present 
research. 


Summary 
‘1 The effect of the removal of a photoinduced leaf upon flowering response 
in Pharbitis Nil was studied in plants which had only one leaf and the bud in its 
axil left. Upon the removal of the donor leaf after a 14-16 hour dark period a mini- 
mal flowering response occurred in the developing axillary bud. This indicates that 
in this duration the stimulus was transmitted from the leaf in a sufficient amount 
to effect flowering. With increasing dark period before defoliation the response in- 


creases. 

2) The effect of a dark period of sufficient duration is not destroyed by a follow- 
ing light period. Delayed defoliation results in increased response, even if the 
photoinduced leaf is illuminated. 
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Das Wuchshormon des Fruchtkérpers von Agaricus campestris L. 
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Wenn ein junger Fruchtkérper (von ungefahr 2.5-3.5 cm Hohe) des Agaricus 
campestris L. in der Zentrallinie des Stiels der Lange nach durchgeschnitten wird, 
so kriimmt sich die Wachstumspartie? des Stiels nach der Schnittflaiche hin. Die 
Kriimmung wird dabei nicht etwa durch Wasserverlust an der Schnittflache hervor- 
gerufen, da sich ein Fruchtkérper, dessen Schnittflache man mit Lanolin oder feuchten 
Gasen behandelt, ebenso verhalt. 

Der Fruchtkérper setzt das Wachstum fort, auch wenn die obere Hialfte des Hutes 
mit Nadeln durchstochen oder sogar ganz abgeschnitten wird, soweit noch Lamellen 
vorhanden sind. 

Schneidet man dagegen den Fruchtkérper in zwei parallelen, zur Zentrallinie des 
Stiels symmetrischen Ebenen durch (Abb. 1), so wachst der Stiel ganz gerade empor. 


Wenn man dann die Lamellen 

wD, einseitig oder asymmetrisch entfernt 
3 $8 3 oder durch Behandlung mit Trocken- 
: fae eis einseitig erfrieren lisst, so 
krimmt sich der Stiel immer nach 
A i der starker beschidigten Seite hin 
(Abb. 2c). Es geniigt, wenn die 


Abb.1. Paralleles Abschneiden des Fruchtkor- Lamellen in ee Punkten mit 
pers. dem Fruchtkérper Verbindung haben, 

a) Seitenansicht. ‘ ; 
by Obeniashenaneigee um G auch das Wachstum des ge- 
(Lamellen schraffert.) geniiberliegenden Stielteils zu ge- 


wahrleisten. 


Dabei treten aber Entfaltung und Wachstum des Huts stairker an derjenigen 


Laboratorium fiir Angewandte Botanik, Landwirtschaftliche Fakultaét, Kyoto Unievrsitat 


BEBE Fee? oD its FAB AOE SE SS 


1) Die maximale Wachstumspartie des Stiels von Agaricus campestris liegt, wie bei anderen 
Pilzen, zwischen Ring und Hut. 
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Abb. 2. Wachstum des Fruchtkorpers nach einseitigem Abschneiden des Hutes. 


Seite auf, die gréssere Lamellenteile besitzt (Abb. 
2c, d). 

Das Vorhandensein des Wuchsstoffs wurde sicher- 
gestellt durch Aufsetzen der abgeschnit tenen Lamel- 
lenpartie auf ein Agarbléckchen, welches auf die von 
den Lamellen befreite Schnittflache geklebt wurde 
(Abb. 3). 

Ein Avena-Test mit den aus den Lamellen in 
Agar-Agar diffundierten Substanzen fiel ebenfalls 
positiv aus. Die Anwendung von Wuchsstoffen héherer 
Pflanzen, wie Indolessigsiure (1:103, 1:10°), a- 
Naphthalenessigsiiure (1:103, 1:105), hingegen rief 
keine Kriimmung hervor. 

Auf Grund dieser Versuche kommt der Gedanke 
nahe, dass die Lamelle ein Wachstumsprinzip od. 
-prinzipien produziert, die von hier aus auf Stiel 


und Hut wachstumsreizend wirken. 


Abb. 3. Diffusionsversuch des 
Wuchshormons durch A gar- 
stiickchen (punkiert). 
Links Agarstiickchen ohne 
Lamelle. 


Das Prinzip. hat aber, wie es scheint, mit den auf Avena-Koleoptil wirksamen 
Substanzen, die gleichfalls von den Lamellen produziert werden oder zumindest in 


ihnen vorhanden sind, keine direkte Beziehung. 


Diese Experimente wurden im Morimoto-Laboratorium fiir Kiinstliche Kultur 


Essbarer Pilze in Momoyama bei Kyoto gemacht. 
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Introduction 


Adenine has been regarded as a leaf growth hormone (Galston and Hand, 1949; 
J. Bonner and Galston, 1952), since D.M. Bonner and Haagen-Smit (1939) found 
that the leaf growth was accelerated by adenine and also by hypoxanthine which 
is one of the precursors of adenine. On the leaf of monocotyledone, however, de 
Ropp (1945) found the ineffectiveness of adenine. So it has generally been thought 
that adenine is a leaf growth factor for dicotyledone. As shown in previous paper 
(Kuraishi, 1956), adenine has an effect on the growth of Raphanus leaf only in very 
young stage. Recently, Miller et al. (1955 a, b) and Okumura (1955) found a remarka- 
ble cell division of tobacco wound callus tissue by the addition of IAA (indole acetic 
acid) and autoclaved DNA (desoxyribonucleic acid), though neither fresh nor dry 
weight increase could be clearly observed. From the autoclaved DNA, they succeded 
in taking out a kind of purine (6-furfurylaminopurine) that stimulates cell division 
and named it “Kinetin”. In this paper the authors tried to ascertain whether kinetin 
stimulates the leaf growth as adenine or not. 


Method and Material 


\ 


Raphanus sativus L. was selected for this research as done by D. M. Bonner, 
Haagen-Smit and Went (1938). The variety “Riso Daikon” (Ideal. Radish) was 
used. The seeds are sown in the flower pots in open air. When the first foliage 
leaves become about 0.6 cm? in surface area, the time after germination being 
about 10-20 days, the pots are transferred into the dark room and kept for about 24 
hours. After that, the first foliage leaves are cut from the plants and punched out 
with a sharp cork borer, of which diameter is approximately 5 mm. The cut disks 
are carefully washed with distilled water two or three times, and shaken in distilled 
water for about five minutes to ensure the mixing of all the sections (ca. 1,000 
disks). For three hours they are kept floating on distilled water in the dark room, | 
then fifteen disks of them are, respectively, transferred to each Petri dish containing 
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10c.c. of the culture solution (Table 1). Before transferred to the dishes, disks are care- 


papie 1, fully wiped off with filter papers, lest 
The components of medium any drop of water on the upper sur- 
Beate BELO crodinqodose vss vegarh ivsbeasces ace 1.50 gr. face disturbs their respiration (the 
KCl ister ate aT ivwim SPO 1G Ty al viele) oi w's\s th (aist's(ujatavays slaiaysns}sye’s!e sisie: Stele’ stsieasaletco: pis 0.25 gr. di D ° c 
ish leaf is amphistomati ees 
Bye Oy REND O)eectes as tedemenseic eee ene taawecan: 0.25 gr. ae p ie: cay i 
oo es ee eee on 0.05 gr. these operations were done under 
EOIGE OG O mer cet eer seem. aarmaak Sater sn ed cece dvs aenceee 20.0 gr. the weak safety red light in the dark 
\IRVGILESIOE SPD Senne OE re tet errs eeee tein reese ane 1000 c.c 


room and the close attention was 
paid to keep the disks safe. The Petri dishes are placed in an incubator at 30°C. 
After the incubation finished, they are wiped off by a filter paper within a few 
seconds and their fresh weights are determined to a milligram with a torsion balance. 
These procedures are done in such a uniform manner, that the error from varing 
degrees of wipe appears to be negligible. For the measurement of leaf area, they 
are placed between a pair of thin glass plates on the printing paper to obtain a shadow 
print, which is later cut out and weighed. After the fresh weight measurement 
they are brought in the oven at 70°C. Their dry weights are measured to a tenth 
of a milligram. The total nitrogen contentsare determined by the micro- Kjeldahl 
method. 
For the light incubation three Mazda fluorescent tubes 


if 


“natural day light” were 
used. 

On the day of experiment kinetin was dissolved which had been stored in the 
dry place, because the dissolved kinetin looks like to be decomposed within a week 
even in a refrigator at 4°C. 


Results 


It has been known for these thirty yeares (Priestly, 1925, 1926) that growth of 
the leaf is very sensitive to light. Then the experiments were performed, on one 
hand, to test whether the leaf growth with the addition of kinetin in the medium 
occurs, on the other hand, if it has an effect on leaf growth, whether its stimulating 
effect is accelerated with light. Kinetin was added to the medium at the concen- 
tration from 20,000 y/]. to 5y/l. and the leaf disks were placed on their medium in 
Petri dishes, which were divided into two parts and incubated in dark and light. 

The leaf disks were incubated for 20 hours at 30°C. And the experiments were 
repeated three times and at each of them duplicated lots of Petri dishes were used. 
All the results obtained were almost same. From Fig. 1, we can easily recognize 
the great stimulation to the leaf growth with kinetin both in light and dark, greater 
growth in light may be regarded as the light stimulation. In the concentration more 
than 10/1. the acceleration of leaf growth is recognizable and the optimal growth 
is obtained between 500y/1. and 5,000y/1., being less effective more than 10,000 y/1. 
This growth stimulation of leaf with kinetin under such low concentration resembles 
that of stem with auxin under its low concentration. We may thus conclude that 
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kinetin is a leaf growth 
factor or hormone, 
though the existence of 
kinetin in the plants 
is quite yet unknown. 

The time course of 
leaf growth in the me- 
dium was next investi- 
The media 
contain sucrose and are 
none sterilized, so, if 
long they 
fall into the contamina- 
tion with bacteria. But 
it is not so remarkable 
within 20 hours. If 


kinetin is converted to 


gated. 


incubated, 


one or some other sub- 
stances either by bacte- 
ria or leaf itself adapt- 
ically, the time course 
of leaf growth will not 
progress linearly and 
will be a sigmoid form. 
As shown in Fig. 2, 
the 
fresh 


increase of their 

weight show 
pretty proportionality 
with time even at first 
two hours after incuba- 
tion. This may show 
direct utilization of 
kinetin on leaf growth, 


though its corrobora- 


tive proof could not be obtained for the sake of impossibility of measurement 
in shorter period after incubation. Fig. 2 also shows that the increases of the fresh 
weight and area of leaf disks during first 12 hours coincide with each other and 
in next 12 hours do not. Increasing the leaf area, leaf disks become convex and 


make it impossible to measure their exact area, 
of the divergence of the two curves. 


so that was considered the cause 


As kinetin shows the remarkable increase in both fresh weight and leaf area. 


HAA 31 4 7-8 A ii i) % ME RR 9 69 MH 817-818 303 


the dry weight and total nitrogen measurement was performed. Fig. 3 shows small 


Increase increase of dry weight and no 
in % |g orreranon a, | increase of total nitrogen. As the 
Fe wis NS increase of fresh weight does not 
70 4 hoe Be accompany with that of dry 
/ | Dry Weight weight, it is very hard to under- 
160 bette laces es — nes stand from what makes the leaf 
ry e - bo og Meee area increase. The increase of 
150 I goon Sp Pal bole p fresh weight, however, may be 

& caused by water uptake. 
in ee According to the previous 
0 10 100 1000 10,000 paper, adenine stimulates only in 
Concentration of kinetin (7 //.) very young stage of leaf, so the 
Fig. 3 The increase of fresh weight, dry weight necessity occurs to test the effect 
and total nitrogen with kinetin. of kinetin at different leaf stage. 


For this experiment three kinds of leaf, having different growth stage and different 
total area, i.e. 0.6, 0.9 and 6.0cm2. The leaf of 6.0cm? was so old that it could not 
grow even in open air and 0.6cm? showed the most vigorous growth both in outdoor 
and excised cultivation. They were incubated under 1000 lux for 20 hours at 30°C. 


Table 2. The effect of kinetin and adenine on different leaf stage. Figures 
are shown in relative to water control of fresh weights. 


Control Adenine 10 mg./1. | Kinetin 1 mg./1. Date 

119.2 121, 1 126.3 March 31th, 1956. 

pence 121.2 120.0 130.1 May 5th, 1956, 
115.0 116.1 121.5 May 20th, 1956. 

146.5 151.0 188.5 April 7th, 1956. 

0.9 cm2 150.9 148. 8 187.1 May Ist, 1956. 

141.6 146.9 179. 2 May 10th, 1956. 

162.6 174.0 217.5 April 7th, 1956. 

0.6 cm2 215.6 218.0 270.5 April 19th, 1956. 

180.1 191.5 221.5 May 5th, 1956. 


1 mg./l. of kinetin and 10 mg./l. of adenine, the optimum concentration to leaf growth, 
were separately dissolved in the medium (table 1) and used for this investigation. 
As shown in table 2, adenine makes a little growth accelelation only at the smallest 
and not at the larger leaves. On the other hand, kinetin stimulates not only the 
growth of oldest leaf tested, but also far greater leaf growth than adenine does at 
any stage of leaf. It is very interesting that kinetin increases the leaf area which 
cannot grow more in the natural condition. Table 2 also shows some daily differ- 
ences at each experiment and they are seemed by many kinds of different conditions 
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during the cultivation in open air. 
Histological Observation 


Miller et al. showed the increase of cell division by kinetin. According to table 
2, it stimulates the matured leaf, which seems not to cause any more cell division. 
Then, in order to make sure whether it acts on the cell division as Miller mentioned, 
the histological studies had been performed using a leaf of 0.6 cm2. 

After 20 hours’ incubation under the light condition at 30°C, the leaf disks were 
fixed with FAA (formalin acetic alcohol) under slight vacuum to allow quick penet- 
ration of the fixative. They were then dehydrated in alcohol and tertiary butyl alcohol 
and finally imbedded in a paraffin. The sections were cut transversely at a thickness of 
10 ~ and were stained with hematoxyline and fast green. It is of interest also that 
the increase in thickness with kinetin was rather uniform throughout the length of the 
sections. Though the number of cell 
layer was as same as control (the in- 
cubated leaf disks without kinetin), the 
increase in thickness was greater than 
the control The leaf growth with kine- 
tin may be raised with a general trend 
toward a greater degree of cell enlar- 
gement in sections and may be without 
a greater cell division (Fig. 4). And 
the leaves showed uniformely the 


increase of intercellular spaces, palisade 
parenchyma and spongy tissue, and 
seems not to increase only one tissue 
selectively. To confirm more clearly 
the phenomenon above mentioned, the 
histological studies, using a Sump me- 


thod, were continued. The upper sur- 
faces of leaves were replicated on small 
celluloid plates with a solution of Sump 


Fig. 4 The cross section of leaf. x 100. 
A: Before incubation 


No. 2 and ‘observed with microscope. B: Leaf section without kinetin 
Then, the vigorous cell division with after 20 hours’ incubation. 
kinetin could not be observed and only C: Leaf:section with kinetin after 20 


‘ hours’ incubation. 
the enlargement of epidermis cells 


were found. The result by Sump method showed well agreement with that by micro- 
tome sections. 
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Addendum 


It has been found to accelerate the leaf growth with kinetin, then the studies 
were continued to make sure whether kinetin acts in the same way as other growth 
hormone does. 


Avena test: Being varied over a range from ly/l. to 20 mg./l. of kinetin, 2% 
of washed agar-agar blocks were soaked in these solutions for three hours and 
subjected to the Avena test with usual method. In these concentrations, any curvature 
could not be observed as the author reported on adenine. 


Root test: For the root test, it is hard to obtain cress seeds and so Brassica 
campestris L. var. parachinensis Makino (Taisai) was used with an advice of Mr. 
H. Shibaoka. Kinetin was dissolved in distilled water, being varied over a range 
irom Oly/l. to 10 mg./l., and 2 cic. of 


these solution was added into each Petri 2.0 
dish, 5.5cm in diameter, in which was Growth o——o—o. 

(cm) aoe 
placed two sheets of filter paper, then, 10 
Brassica seedlings (when their radicles Ls _ 
became ca. 0.5 cm in length) grown in v 
dark room were transferred into the dish nd 
and incubated for 20 hours. After incuba- 


1.0 
tion the length of root was measured 


(Fig. 4). The extreme growth inhibition 


was observed at the concentration of 


0.5 
more than 10y/l. and at any concentra- 0 0.1 1 10 100 1000 10,000 


tion the growth stimulation could not be Concentration of kinetin (7 //.) 


found as auxin. Fig. 4 Root test with kinetin. 


Discussion 


Miller et al. (1955 a) added kinetin and IAA to culture solution of tobacco wound 
callus and found the extreme increase of cell division, i.e. the ratio of cell numbers, 
treated/controls, was 31/1. Kinetin is a related compound to adenine that has 
been regarded as a leaf growth factor, so it may be no wonder that the former has 
an effect on leaf growth as the latter. It is hard to explain its growth accelerating 
mechanism by kinetin from the reason that kinetin is merely a related compound 
to adenine. The effect on leaf growth with the former may differ from that with 
the latter, considering effectiveness for leaf growth. In this experiment the ratio 
of cell numbers, treated/controls, was not 31/1 but smaller than 2/1. The leaf used 
in this experiment has adult cells and the tobacco wound callus has meristematic 
cells, so that both cell states are quite different. The materials may respond to 
kinetin in different manner at different cell states. It is very curious that one 
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substance stimulates cell enlargement, and not cell division in one experiment, while 
it has an effect on cell division, and not on cell enlargement in another experiment. 
One surmice is that kinetin may have two different actions. The second results 
different from the Miller’s in this experiment is its activity showed without IAA. 
It is said that IAA has no effect on leaf growth (Avery, 1935). As JAA is made in 
the leaf, it may substitute the added IAA. If so, the leaf growth stimulation with 
kinetin maybe need not added IAA. But this problem needs more detailed study. 

There are some great differences of action between auxin and kinetin ie.kinetin 
neither increases root growth nor makes any curvatures of Avena coleoptile at tested 
conditions. Auxin, however, does not increase the leaf growth, the authors think that 
kinetin must not be included in a definition of auxin. 


Summary 


This study was intended to ascertain whether kinetin promotes a leaf growth 
by cell division or not, using the Raphanus leaf disks. 

1. The leaves showed cell enlargement without cell division by the addition of 
kinetin, although it has been reported as a chemical which induces cell divisions 
in the case of tobacco wound callus. 

2. It makes much increase of fresh weight and leaf area, and small of dry 
weight, but not total nitrogen. Its effectiveness was far greater than adenine on 
fresh weight and leaf area. 

3. The effect of kinetin was found under both light and dark conditions. 

4, Without the application of IAA kinetin acted on leaf growth. 

5. It seemed to differ from the definition of auxin on the basis of the experi- 
ments of Avena curvature test, root test and leaf test. 


It is a great pleasure for the authors to acknowledge their indebtendness to 
Prof. M. Monsi for his cordial leadership during the work. Also the authors wish 
to express their thanks to Prof. B. Wada and Ass. Prof. T. Yamaki for their advices 
and criticism. Thanks are due to Mr. N. Hara for the advice of histological study. 
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Physiological Studies on Growth and Morphogenesis 
of the Isolated Plant Cell Cultured zz vitro II 


The Growth and Morphogenesis of an Isolated Single 
Rhizoid Cell of Characeae* 


by Tadashi SANDAN** 


LUBE OR: SEEN 4S PUI ICES 2 Eee Ze IL 
THEO Mi — RAR Ala DO ER IZ 


Received June 4, 1956 


In the previous paper (Sandan 1955) the author reported that an isolated inter- 
nodial cell of Characeae and even a cell fragment obtained from the internodial 
cell by strangulation were able to grow and develop new shoots and rhizoids when 
they were cultured iz vitro in agar gel with suitable culture solutions. 

The present report deals with an experiment performed using an isolated single 
rhizoid cell containing a single nucleus. It was shown that the potentiality for 
further growth and development is still maintained in such a cell. 


Material and Methods 


The rhizoid cell of Niéfella flexilis which was developed from the internodial 
cell cultured iz vitro was used as material in the present experiment. The inter- 
nodial cell of Nztella was cultured according to the method described in the previous 
report (1955). Namely, the cell was kept in the vertical, normal position in the 
test tube which was filled by 4/5 with 0.8% agar. The composition of the basic 
culture medium applied in the present work is as follows: 

» KeHPO, 0.02 g MgSO, 0.02 
FeSQ, 0.005 g d.w. Li 

For the removal of fungi and bacteria from the agar gel 1mg of Trichomycin 
P tablet (containing penicillin)*** and 0.5mg of streptomycin respectively added to 
50 cc of the culture medium. 

The isolated internodial cell cultured in the test tube at room temperature under 
diffused light of about 30 lux develops several rhizoid cells from its basal end. These 
rhizoids reached 0.5cm in length and 30,4 in width in about 20 days but they were 
still single cells by this time. Then the internodial cell was cut off from the rhizoid 
cells at its basal end with a very small scissors and the test tube containing the 
rhizoids was kept in a dark room for five or six days in order to remove the nodial 


* The summary of this report was presented to the 20th annual meeting of the Botanical 
Society of Japan held in October, 1955 at Hiroshima. 
** Biological Institute, Kyoto Liberal Arts University. 3¢qh3s5 A524: pss 
*** Penicillin Trichomycin Vaginal Tablet manufactured by the Sanyé Chemical Co,, Ltd. 
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cells which occasionally remained at the upper end of rhizoids after cutting off the 
internodial cell. By this treatment these small nodial cells soon decayed accompanied 
with chlorosis and plasmolysis. Then the rhizoid cells, which were generally con- 
nected with one another at their upper regions, were separated from one another 
with a sharp needle. 

Thus several threads consisting of a single rhizoid cell were obtained in the 
agar gel. These rhizoids were cultured in a dark room or under the illumination 
of 30 lux fluorescent light for ten hours a day. We hereafter refer to the former 
case as the ‘dark culture’, and the latter case as the ‘light culture’ for simplicity’s 
sake. All experiments were carried out at the room temperature. 


Results 
1. Dark culture 

The rhizoid cell continued to increase its size for several days after it was 
brought into the dark room. The length and width of the rhizoid reached about 
0.8cm and 30, respectively in 20 days. Around this time the cell reproduction 
started to take place; several new cells which further increased their size were 
formed at the same time at the lower end of rhizoid. The middle one among these 
new cells rapidly increased its size and became the first cell of the main ‘root’. 
The other newly developed cells became the components of the branching ‘root’. 
Later, these new cells reproduced themselves again at their lower end. A similar 
process was repeated. After 50 days’ culture the length of the main root consisting 
of several rhizoid cells, which were newly formed, reached about 5cm. But after 
about 60 days’ culture the decay of all rhizoid cells gradually occurred accompanying 
the decrease in the rate of protoplasmic streaming. 

The nucleus in the young rhizoid cell was globular and comparatively large. It 
generally moved around in the cell but it took its position at the root tip region 
when the cell reproduction occurred. But in an old rhizoid the nucleus was deformed 
to a long plate-like shape. At the time of cell reproduction it is likely that karyo- 


kinesis took place and the new daughter nuclei entered the cells which were newly 
formed. 


2. Light culture 

The increase in size and cell reproduction of the rhizoid in this case were the 
same as in the case of the dark culture conducted during 50 days. In about 20 days, 
the length and width of the rhizoid reached 0.8 cm and 35» respectively. After 25 
days the cell reproduction occurred rapidly at the basal end of the rhizoid. In 50 
days the whole length of the main root consisting of about five cells reached 6cm. 

The original rhizoid cell, which was single and was not fully developed at first, 
was transformed subsequently into the shape of a small internodial cell. Many 
nuclei, which were probably formed from a single nucleus through mitosis, were 
recognized in the cell. At the same time very small chloroplasts which gradually 
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increased their size appeared and were arranged in regular rows in the cell. Thus 
the white line, which is the zone having no chloroplasts, was also formed. After 
70 days starch grains were observed in chloroplasts. 

This changed cell was very similar to 
a normal internodial cell in appearance. 
After 80 days a new bud arose at the 
basal end of the internodial cell which 
was originally a rhizoid cell. This new 
bud became a small plant body consist- 
ing of small internodial cells, nodial cells 
and ‘leaf’ cells. Occasionally new small 
cells corresponding to nodial cells of the 
normal plant were formed from the lower 


om 


end of the metamorphic cell and from Fig. 1 A photograph showing the rhizoid cul- 


these small cells new buds arose. tured for 25 days. The rhizoid cell, which 


‘ Was cultured as a single cell at first, increased 
The differences between the normal Sieg th ar : 
its size and reproduced several new cells at 


internodial cell (abbr. NI) and the inter- its basal end. x80 
nodial cell which was formed from the Fig. 2 A photograph showing the rhizoid cul- 
a ts . tured for 55 days. The rhizoid cell, which 
thizoid me by metamorphosis (MI) can vee was cultured as a single cell at first, is being 
summarized as follows: (1) The MI is metamorphosed into the shape of internodial 
very small in width. The width of the cell. Small chloroplasts are observed. Nodial 
MI is about 50 and that of the NI is cells do not exist at its end. A normal rhi- 
zoid cell is seen at the right side of this 
about 400m. (2) The arrangement of changed cell. x80 
chloroplasts in the MI is not so regular All rhizoids in these figures were cultured by 
as that in the NJ. (3) The white line the ‘light culture’. 
and the track of protoplasmic streaming in the MI are linear, while those in the 
Nl are spiral. (4) The NI has small nodial cells at both its ends but generally 
there are no nodial cells in the MI. 

After shooting, growth and cell reproduction were repeated in rhizoid cells and 
in new bud cells. Thus a single rhizoid cell, which was cultured zz vitro, formed 
eventually a small complete plant consisting of ‘leaf’ cells, ‘stem’ cells and ‘root’ 
cells. 


Discussion 


Sasaki (1935), Kusunoki (1943) and Osterhout (1952) respectively reported that 
the isolated plant of Characeae occasionally formed rhizoids when the plant was 
kept in a medium such as the native pond-water in which the plant grew. But they 
did not try to culture an isolated rhizoid cell. 

In the present experiment it was shown that a single rhizoid cell cultured in 
agar gel underwent growth and reproduction in the dark. Furthermore a fully 
developed rhizoid cell was metamorphosed into the shape of an internodial cell and 


310 fi FM HB HH 69 A GH 817-818 HAS. Ge 


formed a new bud from its lower end. From these facts we may assume that the 
agar gel has a favorable effect upon the growth and metamorphosis of the rhizoid 
and further that a single rhizoid cell still has a potentiality of growth and cell 
reproduction under both dark and light conditions. In the dark the rhizoid eventually 
decayed after a long survival which involved both growth and cell reproduction. 
But only weak light was sufficient for the rhizoid cell to metamorphose into the 
shape of internodial cell and also to shoot a new bud. From these facts the mor- 
phogenetic and reproductive abilities in the rhizoid seem to be activated in the pre- 
sence of light. 

When the metamorphosis of rhizoid occurred chloroplasts were formed accompanied 
with karyokinesis and the formation of reserve materials in cytoplasm or in vacuole. 
We may thus assume that a single rhizoid cell can form chloroplasts under weak 
light and also that a new bud is formed with the aid of chloroplasts, nuclei and 
reserve materials in the rhizoid cell. 

Green (1954) pointed out that an internodial cell of Niétella axillaris shows a 
spiral growth, while the rhizoid cell presents an apical growth. From the present 
observation it seems that the rhizoid cell of Niétella flexilis scarcely shows a spiral 
growth, if at all. 

In the previous report the author emphasized the existence of morphogenetic 
polarity in the isolated internodial cell or in the cell fragment which was formed 
from the internodial cell by strangulation with strips of silk thread. If morpho- 
genetic polarity also existed in the rhizoid cell, a new bud would appear at the 
apical end of the rhizoid in general. Actually, however, a new bud arose from the 
basal end. From this result it seems that the rhizoid has no morphogenetic polarity. 
Nevertheless, we are in a position to assume the existence of morphogenetic polarity 
in the rhizoid cell by the reasoning that a new bud is formed at the basal end of 
the cell in order to grow as a small complete plant consisting of this new bud and 
thizoids, which have already been formed at the basal end of the changed cell, after 
the necrosis of the metamorphic cell which is liable to decay soon after shooting 
because of full development. 

Bonner (1944) mentioned that Dictyostelium discoideum, which is a species of 
Myxomycetes, is a suitable material for the morphogenetic study because of the 
fact that this organism shows only growth at first in its life cycle and its morpho- 
genesis occurs after the complete suspension of its growth. The rhizoid cell of 
Nitella was metamorphosed into a minor shape of internodial cell after the stoppage 
of its growth which had increased in size. The author assumes the rhizoid cell of 
Characeae is an excellent material for the observation of morphogenesis in plant cell 
having a cell wall and a single nucleus. 

From the results of the present work it is ‘likely that morphogenetic ability 
remains in an isolated single rhizoid cell just as in the case of the isolated inter- 
nodial cell and also that this morphogenetic ability can be activated’ when the 
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rhizoid cell is cultured under adequate conditions. 


Summary 


1. An isolated single rhizoid cell of N¢tella flexilis was cultured in a medium 
consisting of 0.8% agar and a culture solution involving several salts in low con- 
centration both in the dark and in the light. This rhizoid cell continued its growth 
and showed cell reproduction. 

2. When the rhizoid cell was exposed to illumination of fluorescent light of 
about 30 lux for ten hours a day, the cell which was fully developed was metamor- 
phosed into a small internodial cell. A new bud arose from this metamorphic cell 
and developed to a small complete form of Nitella. 

3. An isolated single rhizoid cell of Nitella seems to have morphogenetic ability 
just as in the case of the isolated internodial cell. This morphogenetic ability may 
be activated under adequate conditions. 


The author wishes to express his most cordial thanks to Prof. N. Kamiya of 
Osaka University for his kind direction and helpful criticism throughout this work 
and also to Prof. T. Nakamura for his valuable advice. 
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Notes on Some Grasses I 
by Tuguo TATEOKA* 
Sige: 4 RRLMERE I 


Received April 24, 1956 


1. Systematic position of the genus Phaenosperma. The monotypic genus 
Phaenosperma including P. globosum Munro is distributed in East Asia, and its 
systematic position was variously discussed. Bentham (1881), Hackel (1887), wc 
(1929), a. o. placed this genus in Tristegineae. Pilger (1931) pointed out that this 
opinion was due to a misinterpretation of the spikelet structure of P. globosum. In 
the same paper, he also maintains the near relationship of this genus to Sporobolus. 


* National Institute of Genetics, Mishima, Shizuoka Pref. EASZih(A OfZEHT 
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Roschevitz (1937) disposed of Phaenosperma as an independent tribe, Phaenosper- 
meae, in Poatae-Festuciformes. Pilger (1954) assigned Phaenospermeae to Eragrost- 
oideae. Ohwi (1942) proposed the following classification of Pooideae-Phaenosper- 
meae: Phaenosperminae-Phaenosperma ; Diarrheninae-Diarrhena ; Moliniinae- Molina, 
Moliniopsis, Hakonechloa. Some information concerning the systematic position of 
Phaenospermeae, as well as the results of examination of leaf structure in P. globosum 
is presented as follows. 

Characteristics of leaf structure in P. globosum.——In the epidermis no unicellular 
or bicelluiar hair is found. Siliceous cells are round in the lower epidermis, while 
dumbbell shaped or elliptical in the upper epidermis (Figs. 1 A, B). In the transverse 
section, mechanical tissues are well developed, and a cell layer which contains 
a few chloroplasts surrounds the vascular bundles. Assimilative parenchyma is 
arranged in comb shape, and motor cells are little developed (Figs. 1 C, D). 


> 
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Fig. 1. Phaenosperma globosum. A,B. Siliceous cells in leaf epidermis (A—lower epidermis ; 
B—upper epidermis) x 600. C, D. Transverse leaf section. C x 210, D xca.40. ap—assimilative paren- 
chma. cl—a cell layer which contains a few chloroplasts. le—lower epidermis. mc—motor cell. 
mt—mechanical tissue. p—phloem. s—stoma. ue—upper epidermis. v—vessel. vb—vascular bundle. 

As the description and figures show, the characteristics of leaf structure of P. 
globosum may be regarded on the whole as those of Festucoid type. Lack of bicellular 
hairs, the round shape of siliceous cells in the lower epidermis and the arrangement 
of assimilative parenchyma in comb shape do not clearly conform with Panicoid 
type. Somatic chromosomes of P. globosum, according to Avdulov (1931) and Tate- 
oka (1955), are reported as twenty four, and they are all small. The starch grains 
of endosperm in P. globosum are simple and similar to those of Uniola’ species 
being large and round (cf. Tateoka 1954, Fig. 14). Lemmas of P. globosum have 
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three thick nerves and one or two other pairs of fine nerves (Fig. 2 c). Large 
round seeds, 3-lodicules, etc. are specific features of the external morphology of 


P. globosum. 


) 


Fig. 2. Phaenosperma globosum. A. Lower glume. B. Upper glume. C. Lemma. D,E. Paleae. 
F. 3 lodicules. x10. 


A B Cc D E F 


Characteristics of P. globosum described above do not coincide with those of the 
members included in Eragrostoideae. In leaf anatomical characteristics, the Festucoid 
type is never found among them. Chromosome characteristics of P. globosum, i.e, 
b=12 (6) and small size, speak aginst referring this genus to Eragrostoideae, and 
suggests a relationship to some groups of Festucoideae. Pilger (1954) divided the 
grass family in nine subfamilies. If we follow Pilger’s classification, Phaenospermeae 
must be placed in the subfamily Festucoideae. Considering the characteristics des- 
cribed above, it is the most natural conclusion. Festucoideae may be divided into 
Eufestuciformes group and the other groups (cf. Tateoka in press (B), then Phaeno- 
spermeae clearly belongs to the latter, because the characteristics not only of the 
external morphology but also of the chromosomes in P. globosum do not coincide with 
those of Eufestuciformes group. Some genera similar to Phaenosperma in chromosomal 
and leaf anatomical characteristics are found in Festucoideae-Non-festucoid genera. 
Studies of their relationship to Phaenosperma will be reported in another paper. 


2. Systematic significance of leaf structure in the geuns Garnotia. The genus 
Garnotia includes 70~80 species which inhabit all over India, South East Asia and 
New Guinea. The systematic position of this genus has been discussed since a long 
time. Brongniart (1832) and Steudel (1854—55) placed it in Paniceae, and Bentham 
(1881) and Hillebrand (1888) assigned its place in Tristegineae. In his excellent 
paper on Garnotia, Santos (1950) notices the fact that such references of Garnotia 
are based on misinterpretation of the spikelet structure of G. stricta which repre- 
sents the type of this genus. The two tribes mentioned above have two florets in 
each spikelet: a lower reduced floret and an upper fertile one. The same is 
that of Arundinelleae to which Garnotia was referred by Mez (1921). But the spike- 
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lets of Garnotia, which were supposed to consist of one sterile lemma and one fertile 
floret by Brongniart and others, include only one fertile floret. Hackel (1887), Bews 
(1929) a.o. referred this genus to Agrostideae on the basis of having one fertile floret 
in each spikelet. Santos (1950), following their opinion, maintains a close relation- 
ship between Garnotia and Polypogon. Eragrosteae (or Chlorideaze) is another group 
in which the genus Garnotia was placed by several authorities, for example by 
Pilger (1954). 

Garnotia is a large genus including many species, their chromosomes being 
never examined and data of leaf structue being scarcely reported. Avdulov (1931) 
only indicates that G. adscencens belongs to Type II, based on Iakovliev’s observa- 
tion. The present author examined the characteristics of epidermis and transverse 
leaf section of G. stricta Brongn, and G. boninensis Tuyama. The results obtained 
are as follows. 

Epidermis—Both species have threadlike bicellular hairs (Fig. 3, Aa, Ba). Sili- 
ceous cells of G. stricta are saddle shaped (Fig. 3, Bb), and those of G. boninensis have 
dumbbell shape (Fig. 3, Ab). The characteriatics of epidermis of the two species are 
of Panicoid subtype of Panicoid type. 

Transverse section—The vascular bundles are surrounded by a cell layer which 
contains many chloroplasts. In both species, distinctive cells which contain plenty 
of chloroplasts and have thick membrane similar to the cells directly surrounding 
the vascular bundles mentioned above are found scattered throughout the mesophyll. 

Although the species examined are 

only two, the characteristics of their leaf 

fz  } () structure show an interesting feature in 
0) « respect to the systematic position of 

Garnotia. Agrostideae and Eragrosteae 
58 Q () C to which Garnotia was assigned by vari- 
QO 


ous investigators are clearly different 


from Garnotia regarding the epidermis 

» 3 5 6 hoe (} and the anatomical leaf characteristics, 

rm a b ee b namely Agrostideae shows Festucoid type 
Fig. 3. Siliceous cells and. bicellu- and Eragrosteae shows Chloridoid sub- 


lar hairs. A. Garnotia boninensis. B. G. type of Panicoid type. The reference of 
stricta. a—bicellular hair, b-—siliceous 


Lie eie Garnotia to such tribes is considered to 

be erroneous on the basis of the charac- 
teristics of epidermis and leaf anatomy. Avrundinella hirta Tanaka shares many 
features with the two examined species of Garnotia with respect to leaf structure. 
Regarding the feature of leaf structure of Arundinella hirta, the author prepared 
another detailed report (in press (A)). Other members of Arundinelleae have been 
scarcely examined either histologically or anatomically. So far observed, the exis- 
tence of distinctive cells, a characteristic cell layer and Panicoid subtype in epidermal 
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characteristics are common to Garnotia and Arundinella, and the existence of dis- 
tinctive cells indicates their close relationship. While Garnotia is clearly different 
from Arundinelleae in the spikelet structure, much resemblance is found in their 
habits and in the constitution of spikelets. Considering the findings described above, 
the genus Garnotia may be treated as an independent tribe (Garnotieae) which 
should be placed near Arundinelleae. But this reqiures further studies of leaf 
structure in other many species of Garnotia and also in other Arundinelleae. 


I wish to express my cordial thanks to Dr. J. Ohwi and Dr. Y. Takenaka who 
gave me various useful advices during the course of the present investigation. 
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Miscellaneous Notes on Myriangiales from Japan II*** 


by Eiichi KUROSAWA* & Shigetaka KATSUKI** 
URS. ARS OY BAe aA 
Received May 14, 1956 


(1) Elsinoé randii Jenkins & Bitancourt 

Phytopath. 28(1) : 75-78 (1938); Kurosawa & Katsuki, Plant Prot. 9(9): 367- 
368 (1955) Cin Japanese). 

Hab. and distr.: On spp. of Juglans, North and South America. 

Specimens examined: 

On Juglans regia var. orientalis (Kashikurumi). 

Saitama Pref.: Hatogaya, Aug. 21, 1938. E.K. (SK 1062) (IB 5987) (NFC 
91092); Aug. 21, 1938. E.K. (KU-K 3); Sept. 15, 1938. E.K. (SK 1063) (KU-K 2); 


* Nihon Tokushu Noyaku Co., Ltd. Kurosawa passed away in March 1953. Fh AUERPRESSERESRS bE 
** Toa Noyaku Co., Ltd. RUARFeSRERAA EL 
*«* Kurosawa,-E. & S. Katsuki, Miscellaneous notes on Myriangiales from Japan (1) Ann. 
™ Phytopath. Soc. Japan 21 (1): 13-16, 1956. 
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Sept. 9, 1938. E.K. (SK 1064) (KU-K 1).* 
On Juglans mandshurica var. cordiformis (Kurumi). 
Tokyo: Hinodai, Sept. 2, 1951. E.K. (SK 1065 & 1066) (KU-K 11 & 12). 
Elsinoé randii was described on Carya illinoensis from the U.S. and Brazil. 
This is the first report of the fungus on Juglans. 
(2) Sphaceloma bidentis Bitancourt & Jenkins 
Arquivos do Instituto Biologico 10: 5-6 (1950). 
Hab. and distr.: On Bidens bipinnata (Sendangusa). South America. 
Specimens examined: 
Tokyo: Nanao-mura, Oct.7, 1951. E.K. (SK 1406 & 1407); Bushu, Takiyama, 
Sept. 25, 1938. E.K. (SK 1408) C(KU-K 9). 
The present fungus is new to Japan and Bidens bipinnata seems to be a new 
host plant to the fungus. The essential characters of the present fungus coincide 
with those of Sphaceloma bidentis. This was first described on B. pilosa. 


(3) Sphaceloma catalpae Kurosawa & Katsuki sp. nov. (Fig. 1). 


Maculis in foliis, rotundis vel leniter irregularibus, numerosis, 0.3-2 mm. diametro, 
amphigenis plerumque epiphyllis, sparsis vel saepe in prope nervos, sparsis vel 


Fig. 1. Sphaceloma catalpae. x 1/2 
A. Spots on upper leaf surface 


B. Conidiophores and conidia (x 750). 


* Abbreviations used in the citation of specimens and collectors: 
(IB)-Herb. Secgao Fitopat. Inst. Biol., Sdo Paulo, Brasil. 
(NFC)-Herb. National Fungus Collection, U.S. Dept. Agr., Beltsville, Md., U.S. A. 
(KU-K)-Herb. Dept. Plant. Path. Kyushu Univ. Japan. 
(SK)-Herb. Shigetaka Katsuki 
E, K.-E. Kurosawa S. K.-S. Katsuki 
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coalescentibus, superne pallide sordide brunneis, inferne sordide ; acervulis erumpente 
superficialibus, stromatibus nigro branneis usque 20-32 p latis, 16-20% crassis: con- 
idiophoris brevis, hyalinis, continuis, 5-15 x 2.5-3.0 b, ad bases leniter incrassatis, 
ad apices obtusis vel acutis, ellipticis vel oblongis, hyalinis, 4-8 x 2.0- —4 pe. 
Hab. and distr.: On Catalpa speciosa (Hana-kisasage) (Bignoniaceae). 
Specimens examined: 
Chiba Pref.: Matsudo, Aug. 9, 1938. E.K. (SK 1060) (KU-K 39); Sept. 12, 1938, 
E.K. (SK 1061) (KU-K 40) (IB 5986) (NFC 91070). 
Tokyo: Hinodai, Sept. 2, 1951. E.K. (SK 1062-Type) (SK 1063 & 1064) (KU-K 
41 & 42). 
Sphaceloma sp. is reported on Catalpa bignonioides in Louisiana, U.S. A. (Arruda, 
S.C. and C.W. Edgerton, Phytopath, 33:1. 1943). (Abs.) and on C. ovata in Japan 
(Jotani, Y., Phytopath. Soc. Jap. 17(3-4): 168. 1953). 


(4) Sphaceloma picrasmae Kurosawa & Katsuki sp. nov. (Fig. 2). 

Maculis in foliis, petiolis vel caulibus; in foliis amphigenis, paucis vel numerosis, 
sparsis vel saepe aggregatis, circularibus vel irregularibus, 0.5-1.5mm. diametro, 
primum nigris dein pallide brunneis vel gris- 

eo-brunneis, centro depressis et saepe perforatis; 

KN } in nervulis maioribus, petiolis et caulibus, el- 
Gs tgs 2 lipticis vel elongatis, margine leniter elevatis; 
conidiophoris superne conspicuis, plerumque 
paucis vel fasciculatis, 3-20, ex stromatis vel 
mycelio intercellulari, rectis vel plus minusve 
sinuosis, raro ramosis, continuis vel 1-septatis, 
atro-brunneis, apice pallescentibus, 9-26 wu 


longis, 2.6-3.3 ~ latis; conidiis fusiformis vel 
Fig. 2. Sphaceloma picrasmae, ellipticis, pallide brunneis vel olivaceis, 7.9-15.9 
Conidiophores and conidia (x 750 ). x 2.6-3.3 pw. 


Hab. and distr.: On Picrasma quassioides (Nigaki) (Simarubaceae). 

Specimens examined : 

Ibaragi Pref.: Narado, July 17, 1938. E.K. (SK 1045-Type) (KU-K 43); July 24, 
1938. E.K. (SK 1046) C(KU-K 44) (IB 5992) (NFC 91084); Sept. 12, 1938. E.K. (SK 
1047) CKU-K 45). 


(5) Sphaceloma punicae Bitancourt & Jenkins 
Proc. Sci. Cong. 8th Washington 3: 163-164 (1942). 
Hab. and distr.: On Punica granatum (Zakuro). Italy, South America, aan India. 
Specimens examined : 
Chiba Pref.: Matsudo, Sept. 25, 1939. E.K. (SK 1478) CKU-K 46); Funabashi 
Aug. 5, 1951. E.K. (SK 1479) (KU-K 47). 
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Ibaragi Pref.: Itabashi, Aug. 14, 1938. E. K. (SK 1483) CIB 6421). 
Tottori Pref.: Tottori city, May 29, 1955. S.K. (SK 1231). 
The present fungus is new to Japanese mycoflora. 

(6) Sphaceloma zelkovae Kurosawa & Katsuki sp. nov. (Fig. 3) 


Fig. 3. Sphaceloma zelkovae. 
A. Spots on upper leaf surface (x1/2). 
B. Spots on lower leaf surface (x1/2). 
C. Conidial layer (x 500). 


Maculis in foliis numerosis, sparsis vel aream irregularem coalescentibus, secus 
nervos locatis, amphigenis, supra conspicuis magis quam infra, circularibus vel ir- 
regularibus, minutis, 0.5-1 mm diametro, occasionem usque 2mm latis, pallde brunneis 
cum lignum brunneis, dein centro griseis, aliquando perforatis ; acervulis erumpente 
superficialibus, stromatibus usque 25-40 crassis; conidiophoris cylindraceis vel 
conicis, compactis, hyalinis, 2.6-13.2 x 3-4; conidiis oblongo-ellipticis, continuis, 
hyalinis, 4.5-8.4 x 2.5-5 pw. 

Hab. and distr.: On Zelkova serrata (Keyaki) (Ulmaceae). 

Specimens examined : 

Saitama Pref.: Yorii; July, 30, 1936, EB. K. (SK 1470-Type) (KU-K 48) (IB 5997) 
(NFC 91090). 

Ibaragi Pref.: Itabashi, Tsukuba-gun, May 22, 1937. E.K. (SK 1471) (KU-K 
49); June 4, 1938. E.K. (SK 1472) CKU-K 52); June 13, 1938. E.K. (SK 1473) C(KU- 
K 53); June 20, 1938. E.K. (SK 1474) ; Nogizaki, June 1, 1935. E.K. (SK 1468) (SK 
1469) (KU-K 51), Tamura, Aug. 7, 1938. E.K. (SK 1475). 

Tokyo: Hinodai, June 25, 1950. E.K. (SK 1476) (KU-K 54); Hachiohji, July 
ll, 1951, EWK. (SKe1477) CR UEKOSS); 
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(Continued) 
Classification and Description 


The description of the varieties and forms of L. speciosum has been made since 
Siebold and Zuccarini (1838). They were followed by Masters (1872), Baker (1873), 
Elwes (1880), Tilton (1916), Wilson (1925), Woodcock and Coutts (1935), Woodcock 
and Stearn (1949) and others. They arranged them for 7 to 10 varieties and forms. 
The majority of variants were regarded as forms, while Baker or Woodcock and 
Stearn considered them as ranks of varieties, and Wilson arranged them for both 
varieties and forms. The descriptions and classifications have been given almost 
only in Europe, and the bulbs imported from Japan and their clones have been the 
subjects of them. In Japan no such studies have been made excepting those by 
Hayata (1911, 1912), in which our Formosa-type was named as L. Konishiz and L. 
Kanahirat. Wilson (1925) untied Hayata’s two species and put them into var. 
gloriosoides Baker of Central Chinese origin, which was regarded as a geographical 
race of L. speciosum by him. A plate of L. speciosum var. gloriosoides by Watson 
(1931) can be determined to be the Formosa-type. The Japanese geographical races 
of this lily found by us differ distinctly from var. glorviosoides and can be divided 
into two main groups, i.e. type II (Koshiki-type) and type HI (Nagasaki- and 
Kochi-types), which differ each other mainly in the feature of leaves and stigmas, 
and in growing in isolated regions. They may be distinguished taxonomically and 
may be placed in varietal ranks respectively, as like as the Formosa-type including 
the Central Chinese group. 

Now, the problem is that to wchich type L. speciosum Thunberg belongs. To 
make clear this point, Thunberg’s descriptions (1784, 1811) are very obscure, though 
“acuta” in the tip of leaves is prevalent in the Koshiki-type. The type specimen 
is preserved in Thunberg’s Herbarium in Uppsala and we could see the photograph 
of it, through the courtesy of Dr. Maekawa and Dr. Hylander. It is the upper part 
of a plant with five flowers, in which anthers and stigmata are almost destroyed 
by insects. Judging from the following points, i.e. the shape of leaves, less impres- 
sions of the nerves, and marginal undulation being almost absent, we identify the 
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type specimen as the plant of Koshiki-type, and venture to apply the name speciosum 
to the Koshiki-type. 

Furthermore, if many plates of L. speciosum so far published are examined 
concerning the shape of stigmata, it is found that the stigmata in the plate in 
“Kadan Jikinshé ” (1694) is truncate, but the figure is too imperfect to be identified, 
while many plates by Kaempfer in Icones Selectae Plantarum (1791), in “Honzo 
Zufu” (1828), by Siebold and Zuccarini (1838), as well as in “ Yayo Shokubutsu 
Zusetsu”’ (1891) show the Koshiki-type, judging from the shape of stigmata. Ac- 
cordingly, almost all clones of L. speciosum which were grown in Japan at that 
time, may have been of the Koshiki-type, however, L. speciosum, whose flowers 
bloom early and are paler in shade, is described in “ Senka Oden” (1847) and it may 
probably belong to the Kéchi-type. All the plates of L. speciosum under the 
following names are judged to be the Koshiki-type, from the shape of stigmata, 
Kaempferi, tametomo (Siebold and Zuccarini 1836), lancifolium roseum and album 
(Paxton 1838, 1841), Kaempferi (Regel 1868), verum (Elwes 1880), Araetzeri (Grove 
1911) as well as rubrum, melpomene, album, Kraetzeri (Yokohama Nursery Co.). 
Therefore, all the clones which were grown in Europe at that time, may possibly 
have been of Koshiki-origin, except var. gloriosoides. These variants should be 
regarded as the forms of the Koshiki-type. 

In the classification of forms, only rare characteristics should be adopted in 
order to establish the whole scheme of variation. For this purpose, we will consult 
Wilson’s classification, which has been regarded as the best work. It classifies the 
forms as follows: f. rubrum Hort. (Masters); f. melpomene Hort. (Elwes) ; f. rvoseum 
Hort. (Masters) ; f. punctatum Courtois; f. album Masters; f. Kraetzeri Duchartre; 
var. tametomeo Sieb. et Zucc.; f. album-novum Hort. (Mallet); f. magnificum Hort.; 
var. gloriosoides Baker. To the white-flowered form, the rank of the form Cf. vestale) 
should be rather applied than var. tametomo. The f. Kvraetzeri has been dis- 
tinguished as a peculiar form having orange pollen from other white-flowered forms, 
but the pollen of the flowers in Grove’s plate (1911) is proved to the orange-brown. 
The pollen of this shade is rather prevalent, and so f. Kraetzeri should not be 
distinguished from usual white form (f. vestale). The f. rubrum is not given to 
especially dark-flowered form and its shade of flowers is usual. The f. melpomene 
is the horticultural variety bred by Hovey through hybridization, and. in it no 
peculiar characteristics can be recognized. Moreover, horticultural varieties should 
be neglected when we classify botanically, unless they have peculiar characteristics. 
As f. magnificum is of Koshiki-origin, it ought to be included into speciosum proper. 

Thus, we have classified L. speciosum into 3 varieties and 14 forms, including 
1 new variety and 9 new forms, as follows: 

Lilium speciosum Thunberg in Trans. Linn. Soc., II, 332 (1794), in Mém. Acad. 
Sci. St. Petersburg, III, 206 (1811). Paxton, Mag. Bot. V. 1, t. (1838). Franchet and 
Savatier, Enum. Pl. Jap., II, 67 (1879). Elwes, Monog. Lilium, t. 13 (1880). Matsu- 
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mura, Ind. Pl. Jap., II, pt. 1, 205 (1905). Grove, Lilies, 69 (1911). Tilton in Bailey, 
Stand. Cycl. Hort., IV. 1870, fig. 2162 (1916). Wilson, Lilies E. Asia, 75.(1925). 
Woodcock and Stearn, Lilies World, 334 (1949). 

I. Lilium speciosum var. speciosum (ut L. speciosum speciosum). 

L. speciosum Thunberg in Trans. Linn. Soc., II, 332 (1794), in Mém. Acad. Sci. 
St. Petersburg, III. 206 (1811). Paxton, Mag. Bot., V, 1, t. (1838). Elwes, Monog. 
Lilium, t. 13 (1880). Grove, Lilies. 69 (1911).— ZL. superbum L.’ Thunberg, FI. Jap., 
134 (1784).—Konokko Juri Banks, Icon. Kaempfer, t. 47 (1791).—Kanoko Juri Iwasaki, 
H6nzo Zufu, XLVIII (1828).—“ L. lancifolium Hort. Mussche apud Guill Arch. Bot.. 
271 (1833).”—L. speciosum a Kaempferi Siebold et Zuccarini, Fl. Jap., I, 31, t. 12 
(1836)—L. speciosum lancifolium Hort. Neumann in Rev. Hort., V, 494 t. (1844).—L. 
speciosum var. rubrum Lemair in FI. des Serr. III, tt. 276-277 (1847).—L. speciosum 
speciosum Masters in Gard. Chron., 1872, 1522 (1872).—L. speciosum rubrum Masters 
l.c.—L. speciosum var. rubrum Masters ex Baker in Jour. Roy. Hort. Soc. IV, 42 
(1873).—L. speciosum verum Elwes, Monog. Lilium, t. 13 (1880).—L. speciosum atro- 
sanguineum Hort ex Elwes l.c. pro syn—L. speciosum rubrum multiflorum Hort. 
Rozen and Son ex Elwes l.c. pro syn—Kanoko Yuri Tanaka & Ono, Yay6 Shoku- 
butsu t. 946 (1891).—Aka-kanoko Yokohama Nursery Co. “ Yuri Kasen” (Selected 
Garden Lilies) (1899).—L. speciosum Schrymakersi Hort. Krelage in Jour. Roy. Hort. 
Soc., XXVI, 363 (1901).—L. speciosum magnificum Hort. Wallace in Jour. Roy. Hort. 
Soc., XXV, Icxxi (1904), Fox in Addisonia VII, 55, t. 252 (1922).—L. speciosum var. 
purpuratum Hort. Tilton l.c.—L. speciosum var. macranthum Hort. Tilton 1. c.—L. 
speciosum f. magnificum Wilson, Lilies E. Asia, 77 (1925). 


Bulb rather flattened globose to globose, brownish yellow (intermediate between 19 and 17/b)* 
tinged with pink (1//d) on the summit, pink (1/’b), dull rose (1’), or reddish purple (1k), some- 
times brownish yellow, 5-12cm. in diameter (usually 7-9cm.); scales thick, rather tightly 
imbricated, lanceolate-ovate, 5.5-7cm. long, 2.2-2.7cm. wide, acute or acuminate, incurved. Stem 
0.5-0.9 m. long, erect, terete, rigid, glabrous, green (27/ or 31k), or light brown (9///i), or purplish 
brown (71/’m or 1///m), Leaves scattered, phyllotaxis 2/5 or 3/8, 1/2 on the upper part of stem 
when young, petioled, glabrous, yellowish green (31k), rather leathery, lanceolate to oblong-ovate, 
11 to 17 cm. long, 3 to 5 cm. wide, 0.4-0.5 mm. thick, acute, rarely somewhat attenuate, base rounded 
or broad-cuneate, distinctly 5-7-nerved, slightly impressed along nerves; petiole 0.5-2cm. long, 
adpressed to stem. Flowers rose-carmine (somewhat deeper than 71b) to rose-pink (71d), white- 
margined, or faded gradually towards the margin, sometimes blotched only in the middle, spotted 
with dark crimson (intermediate between 71k and 71li) to rose (71b), usually sub-pendulous, 
sometimes sub-erect, lateral or pendulous, fragrant, 1-30 (usually 3-10), racemose; pedicels rigid, 
spreading and ascending-spreading, 9-1lcm. long, 0.3-0.4cm. in diameter, upper the shorter, 
bracts and bracteoles foliaceous ; perianth-segments reflexed, slightly waved in the margin, lanceolate 
to ovate, 6.5-10 cm. long, 2.5-4cm. (inner segments), 2-2.5cm. (outer segments) wide, apiculate, 
lower face with abundant, raised, fleshy colored papillae, without keel, nectariferous furrow light 
green (81i), yellowish green (27i), greenish yellow (25/’b), or light yellow (25f), glabrous; 
stamens shorter than the perianth, widely divergent, filaments subulate, glabrous, anthers 2-2.5cm 
long; pollen chocolate-brown (8k, 5k) or organe-brown (7i); pistil slightly overtopping stamens, 
ovary 15-25 mm, long, 3.5-4.5mm. in diameter, style curving slightly thickened upward, stigma 
capitate. Blossoms in late July to early August. Fruit obovoid-cylindrical, 5-7 cm. long, obtusely 


* Color symbols from “Ridgway’s Color Standards and Color Nomenclature”. 
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angled, summit umbillicate. ; ‘ ie 
Nom. Jap.: Shima-Kanokoyuri (nom. hort., etymologia Shima—insula, Kanokoyuri—Lilium cum 


tepalis punctatis). 

Hab.: Kyishti: Kagoshima Pref—on the western part of mainland (a part) and on the 
Islands of Koshiki (abundant). Kumamoto Pref.—on the Islands of Amakusa (rare). Fukuoka 
Pref.—Munakata and Onga Districts (a part). 


1. Lilium speciosum var. speciosum f. coccineum S. Abe et Tamura f. nov. 

Flowers crimson (somewhat paler than 71), margined with white, spotted with 
brodeaux (71k) to dark crimson—Flores coccinei, argento-marginati, maculis atro- 
coccineis punctati. 

2. Lilium speciosum var. speciosum f. roseum Masters, in Gard. Chron., 1872, 
1522 (1872) Cut L. speciosum roseum). 

L. speciosum var. roseum Masters ex Baker in Jour. Roy. Hort. Soc. IV, 42 
(1873).—‘ L. speciosum punctatum’ Elwes, l.c. 

Flowers pink (71f), spotted various shades. 

3. Lilium speciosum var. speciosum f. album Masters in Gard. Chron. 1872, 1522 
(1872) Cut L. speciosum album). 

Ryukyu Yuri Iwasaki, Honz6 Zufu XLVIII (1828)-—L. speciosum var. album 
Masters ex Baker in Jour. Roy. Hort. Soc., IV, 42 (1873). 

Flowers faint pink. not spotted. 

4. Lilium speciosum var. speciosum f. vestale Masters, in Gard. Chron., 1872, 
1522 Cut L. speciosum vestale). Elws, Monog. Lilium t. 13 (1880). 

“ZL. Broussartii Morren apud Mons in Hort. Belg., I, 371, t. 23 (1834)’.—L. 
speciosum 8 tametomo Sieb. et Zucc. in Fl. Jap. I, 31, t. 13 (1836).—L. speciosum var. 
Album, Paxton, Mag. Bot VIII, 127 t. (1841).—L. extmium Hort. ex Kunth, Enum. 
Pl. IV, 259 (1843) non Courtois, pro syn.—L. speciosum f£. Kraetzeri Duchartre ex 
Baker in Jour. Linn. Soc. XIV, 234 (1875).—Shiro-Kanoko Yokohama Nursery Co., 
“Yuri Kasen” (Selected Garden Lilies) (1899).—L. speciosum Album Kyraetzeri Hort. 
Krelage in Jour. Roy. Hort. Soc. XXVI, 363 (1901).—L. speciosum roseum album P. 
Barr in Gard. Chron. ser. 3, XXXII, 129 (1902).—L. speciosum var. Kraetzeri Hort. 
ex Grove, Lilies, t. 3 (1911). 

Flowers pure white, not spotted. 

5. Lilium speciosum var. speciosum f. album-novum Mallet in Gard. Chron., 
ser. 3, XXX, 24 (1901). 

L. speciosum punctatum album P. Barr in Gard. Chron., ser. 3, XXXII, 129 (1902). 
—L. speciosum var. Kraetzeri’, Yokohama Nursery Co., Illus. Gard. Pl. Jap., II, 5, Fig. 
205 (1914).—L. speciosum var. album-novum Woodcock & Stearn, Lilies World, 339 
(1949), 

Flowers white, not spotted, pollen yellow (13-15). 

6. Lilium speciosum var. speciosum f. concolor S. Abe et Tamura f. nov. 

‘L. speciosum Thunb’ Lindley in Bot. Reg. XXIII, t. 2000 (1837). | 


Flowers crimson, colored entirely, leaving narrow white edge, spotted with dark 
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crimson.—Flores in toto faciem coccinei, sed angustissime albo-marginati, maculis 
brunneo-coccineis punctati. 

7. Lilium specioum var. speciosum f. radiatum S. Abe et Tamura f. nov. 

Flowers white, rayed with rose (intermediate between 71b and 71d) to rose pink 
(71d) stripes, spotted with various shades.—Flores albi, roseo vel dilute roseo-vittatis, 
maculis coloribus ornati. 

8. “Lilium speciosum var. speciosum f. punctatum Courtois in Cat. Agric. Bot. 
Gand., 1844, 26” (forsan ut L. speciosum f. punctatum),. 

L. lancifolium roseum Paxton, Mag. Bot., V, 267 t. (1838).—L. lancifolium punc- 
tatum Hort. ex Paxton lc. pro syn.—‘ L. speciosum var. punctatum Marnock in FI. 
M., 4, 136, t. 44 (1839) ”".—L. speciosum albiflorum Hooker in Bot. Mag., LXVI, t. 
3785 (1840).—L. punctatum Hort. ex Lemaire in FI. des Serr., III, sub tt. 276-277 (1847). 

Flowers white, spotted with pink (71f), pollen yellow. 

9. Lilium speciosum var. speciosum f. rubro-punctatum S. Abe et Tamura f. nov. 

Flowers white, spotted deep rese (711i), pollen brown.—Flores candidi, maculis 
intense-roseis punctati, pollinibus brunneis. 

10. Lilium speciosum var, speciosum f. compactum S. Abe et Tamura f. vov. 

Stem dwarf, flowers compact.—Planta humilior; flores compacte aggregati. 

11. Lillium speciosum var. speciosum f. erectum Walker in Am. Lily Yearbook, 
1942, 108. 

Flowers suberect to lateral—Flores suberecti vel lateraliter patet. 

The name f. erectum described by Scrase-Dickins (Roy. Hort. Soc. Lily Yearbook, 
IV, 127, 1935) seems to be derived from the erect character in the stem. Hence, we 
adopt Walker’s name in spite of its later publication. 

II. Lilium speciosum var. clivorum S. Abe et Tamura var. nov. 

‘L. speciosum var. gloriosoides Baker’ Grove in New FI. Silva, III, Fig. VII 
(1930).—‘ L. speciosum punctatum’, Wallace in Roy. Hort. Soc. Lily Yearbook, IV, 126 
(1935). 

Bulb flattened globose, scales rather loosely imbricated, 4-6cm. long, 1.3-2cm. 
wide, lanceolate, acuminate. Stem rather slender, 0.9-1.3 m. long, tending from sub- 
erect to sub-pendulous, usually nodding at the top. Leaves tending to 1/2-phyllotaxis, 
subnutant, broad-lanceolate to elliptic-ovate, slightly larger than the type, 12-20 cm. 
long, 4-6cm. wide, 0.2-0.3mm. thick, attenuate, rather dark green (31m), strongly 
impressed along nerves, wavy in the margin. Flowers more lightly colored than 
the type, faded or margined, sometimes blotched, pendulous; blossoms 2-3 weeks 
earlier than the type; pedicel rather slender, 11-14cm. long, 0.25-0.3cm. diameter ; 
perianth-segments much reflexed, much wavy; stigma subcapitately truncate. 

Plant growing in Nagasaki is similar to the plant from Shikoku, but differs in 
the following characteristics. 

Bulb globose, but slightly flattened ; scales broad-lanceolate; stem 0.6 to 1m. 
long, tending to sub-erect ; leaves moderate green (31 m). . Blossoms 2-3 weeks ear- 
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lier than the type variety, but later than the plant from Shikoku; pedicels rather 
rigid, 8-11 cm. long, 0.3-0.4cm, in diameter. 

Folia: phyllotaxis plerumque 1/2, nutantiuscula late lanceolata vel ovatc-elliptica, 
apice gradatim attenuata, nervis valde impressis, margine repanda. Flores; stigmate 
subcapitao-truncata, patet praecocciore quam typo. 

Nom Jap.: Taki-Yuri (nom. vernacul. in Shikoku. Etymologia Taki—cautes, Yuri— 
Lilium). 

Specimina typica: Tosayama, Kéchi (S. Abe, Typus in Herb. Univ. Tokyo). 

Hab. Shikoku; Kochi Pref.—on valleys in the Aki, Kami, Takaoka and Tosa 
District, and Kéchi City. Tokushima Pref.—on valleys in Naka, Myozai and Mima 
District (a part), and on the Island of Oshima. Kytishi; Nagasaki Pref—on the 
western coast: of Nishisonogi Peninsula, and on the Islands of Matsushima and 
Kujiku-shima. 

1. Lilium speciosum var. clivorum f. metaroseum S. Abe et Tamura f. nov. 

Flowers pink, spotted with various shades.—Flores rosacei, maculis coloribus ornati. 

2. Lilium speciosum var. clivorum f. vittatum S. Abe et Tamura f. nov. 

Flowers white, rayed with rose to rose pink stripes, spotted with various shades. 
—F lores albi, tepalis medio roseo-vittatis, maculis coloribus ornati. 

III. Lilium speciosum var. gloriosoides Baker in Gard. Chron., n. s. XIV, 198 
(1880). Wright in Jour. Linn. Soc. XXXXI, 134 (1903). J. H. Veitch, Hortus Veitchii, 
450 (1906). Watson in New FI. Silva IV, Fig. LXXVI (1931). Wilson, Lilies E. Asia, 
77 (1925). Woodcock & Stearn, Lilies World, 340 (1949). 

‘L. speciosum Kaempferi Sieb. et Zucc.’ Hance in Jour. Bot., XII, 262 (1874).— 
“L. speciosum Thunb.’ Franchet in Pl. David., I, 307 (1884)—L. lancifolium var. 
gloriosoides Bretschneider, Hist. European Bot. Disc. Chin., 742 (1898).—L. lancifolium 
formosanum J. H. Veitch, l.c. 82—L. auratum gloriosoides J. H. Veitch, lc. 83.—L. 
Konishit Hayata in Jour. Coll. Sci. Tokyo, XXX, art. 1, 364 (1911)—JL. Kanahirai 
Hayata, Icon. Pl. Formosan., II, 146 (1912). | 

Bulb yellow, flattened globose, scale lanceolate-ovate, 2.2-25cm wide. Leaves 
lanceolate to oblong-ovate, 12-20cm. long, 0.45-0.5mm. thick, scarcely impressed 
along veins. “Flowers white, largely blotched with crimson to the center or spotted 
crimson to dark crimson; perianth segments much reflexed, wavy, raised fleshy 
papillae numerous, nectariferous furrow relatively long, green (29k); stigma sub- 
capitately truncate; sub-constrict ; blossoms later than the type. 

Nom. Jap.: .Taiwan-Kanokoyuri. 

Hab.: East central China ; Lushan mountains, Kiangsi Province. Formosa ; Sekitei, 
Heirimbi and Dandaigai, Taihoku Province. 


1. Lilium speciosum var. gloriosoides f. Sanguineo-punctatum S. Abe et Tamura 
f. nov. 
Flowers white, spotted with crimson, pollen brown. 


—Flores albi, maculis sangui- 
neis punctati, pollinibus brunneis. 


(To be continued) 
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On the chromosomes of [xeris nipponica Nakai 
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Fig. 2. Distribution of Jxeris nipponica in the 


Kashiwazaki littoral, Echigo, Japan. 


RM 2n=14 CAPER 5 2 ChO, KE 
I. dentata subsp. Kimurana Kitamura (7 € 
+=HF) (% 2n=28 CMA 4 fie 
bS THB). Cnb= w+ SMO Be RaRld 
FICS SHARIR AA COD CM 1952, 
1953, 1954), 

AV =F ORAARREOMICO THE, 
WE CIMA C SHOMRIC LOC 2Zn=14 
RATS 2fKCHS CS EDdbMDOR(MA 1953, 
FH). PHREOPRIC LHI Fv =WwFlE 
Ixervis nipponica te BFE2, 2 BA-C Ixeris dentata 
clsB ce UCRROCh SA, BMeHRML 
OTHE I. dentata EABMICHAS&NTCVSS 
MLO I. nipponica & (XAfathowr, KS 
33 C AIC LHe 4 OCS, 

AD SBF DEWAR RTE ZR ED BD 
ASME(LOI 5 (AEA FT OTCHFROK BE 
&, ERO CLK CREEL, RRO 
BEAD Cla Litlods b ARARAGLEC HO, BR 


July-Aug. 1956 Bot. Mag. Tokyo, Vol. 69, Nos. 817-818 327 
0 2” 
. ) Zs «o 
2€ 439€ 9) 99 an 
I II Ill IV Vv VI VII 


Fig. 3. Serial alignment of somatic chromosomes in a root tip cell 


of Ixeris nipponica, treated with hydroxyquinoline. 


x 2400, 


Table 1. Measurements of the chromosomes of [xeris nipponica Nakai 
(average values, in py). 

Pair Member 1 Member 2 
Nes |g [St [Stal 7 [Btn | nse | ar [St She] ott Bo nen 
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hevir. | 2:8 1.0 3.8 4.7 0.36} 2.8 1.0 3.8 4.7 0. 36 


Lengths of the chromosomes being somewhat contracted through hydroxyquinoline. 


The shortest arms are not included into the values of index. 
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Résumé 


1) In this study the examinations of the mode of reproduction and the obser- 
vations of the morphology of somatic chromosomes of Ixeris nipponica Nakai (Nom, 
Jap. Isonigana) growing in the Kashiwazaki littoral, Echigo, Japan were made. 

2) It was confirmed that the mode of reproduction of the species is sexual, and 
not apomictic. 

3) Zygotic chromosome number is 2”=14. 

4) The fourteen chromosomes consist of two sets which are morphologically 
similar to each other. The pair of the largest chromosomes have two constrictions ; 
one is submedian and the other subterminal, while the remaining six pairs of 
chromosomes have only submedian or subterminal constrictions respectively. Con- 
cerning shapes and sizes, the set of chromosemes of this species resembles the set 
of triploid and tetraploid species of Ixer7s dentata Nakai. 
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Fig. 4. Diagram showing the average values for the relative chromosome 
length (X-axis) and index of short arm on long arm (Y-axis) of 
the karyotype of [xeris nipponica. 
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(Continued ) 
Discussion 


Each of the three Japanese geographical races of L. speciosum grows wild in the 
different regions and seems to have varied separately. Other examples of geo- 
graphical variants of the genus Lilium in Japan are as follows; L. auratum Lindl. 
var. platyphyllum Baker against L. auratum, L. japonicum Thunb. var. albomarginatum 
Koidz., and L. japonicum var. abeanum Kiteam. ageinst L. japonicum. Concerning 
the relation between the species given different names, the following examples seem 
to be geographical races, i. e. L. bukosanense Honda against L. maculatum Thanb., 
as well as L. talanense Hayata against L. callosum Sieb. et Zucc. It comes into 
question, whether each geographical race or L. speciosum came into existence as a 
result of the development of original characteristics by chance or owing to the 
effect of ecological conditions. To meke clear this point, first we will investigate 
the characteristics of stem and leaves of three Japanese races. The form of the plants 
in the wild is generally erect in Koshiki, sub-erect in Nagasaki, and sub-erect or 
sub-pendulous in Kochi. As mentioned above, the form of the plants seem to be 
affected by environmental factors, and the sub-erect or sub-pendulous plants are apt 
to be found on the cliff. As the wild habitats in Nagasaki or Kéchi are mainly the 
cliff, so that the phyllotaxis of the plants of both origins are apt to become 1/2 in 
order to receive sunlight, and the plants to be sub-erect or sub-pendulous; and these 
may be regarded as the cases of adaptive variation. 

The stem is short and thick in the Koshiki-type, long and thin in the Kéchi- 
type, and intermediate in the Nagasaki-type. The leaves are large and thin in the 
Kochi-type, rather small and thicker in the Koshiki-type, and intermediate in the 
Nagasaki-type. These characteristics seem to have been developed under the environ- 
mental conditions of the wild habitats. In K6chi, there is more rain-fall and the 


habitats are in valleys and surrounded by forests in less sunlight and in much 


* Contribution No. 14, from the Horticultural Division, Kyushu Agricultural Experiment Station, 
** Hort. Diy., Kyushu Agr. Exp. Sta. GuN|B#aRgeee) 
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humidity ; while in the Islands of Koshiki there is less rain-fall, and the habitats are 
on grass land in much sunlight and in rather dry. On the other hand, in Nagasaki, 
the habitats are mainly on islands, along the edge of the forest, and are less sunny 
than those in Koshiki. Such direction of the above mentioned variations in the 
Koshiki-type suggests the differences between the inland form and the coastal form, 
and this variation may be regarded as the case of the adaptive one. Some examples 
of this sort of variation within species are as follows: Setaria viridis Beauv. to S. 
viridis f. pachystachys Makino (in shortening of stems); and Viola mandshurica W. 
Becker to V. mandshurica var. boninensis (Nakai) Mizushima, and Paederia chinensis 
Hance to P. chinensis var. maritima Koidz. (in thickening of leaves). The pendulous 
tendency of the leaves in the Kdéchi-type seems to be due to the thin texture of 
larger leaves. 

Among the characteristics ot flowers, the time of flowering seems to have been 
influenced by the enviromental factor of the wild growing region. ‘The ripening 
of seeds of L. speciosum requires usually 85 to 90 days after flowering. The earlier 
the winter visits, the more difficult the ripening of seeds becomes. Therefore, in 
the less warm region, only those plants which bloom early may have successors. 
So the three types bloom in the following sequence, the Koéchi-type, the Nagasaki- 
type and the Koshiki-type: the temperature of each of the three regions is higher 
in the same sequence mentioned above. 

Various characteristics mentioned above are important to distinguish the three 
types of Japanese geographical races, and these geographical races may be regarded 
as the ecotypes. Examples of the ecotype in the Japanese Lilium may be L. 
bukosanense against. L. maculatum and L. auratum var. platyphllum against L. 
auratum. L. bukosanense, which grows on the cliffs of Mt. Buké has sub-erect stems, 
seems to be a mountain form of L. maculatum. The variation of L. auratum vat. 
platyphyllum growing in the islands of Izu from L. auratum growing in the main- 
land of HonshG seems to be due to the isolation caused by the fossa-magna and 
also to the maritime climate of the islands. 

The variation of characteristics, seemingly not influenced by ecological factors, 
are as follows: the leaves in the tip-form and impression in veins, the stigmata in 
their shape and the flower-segments in the deepness of shades and coloring types. 
However it is possible that the deep shade of flowers is apt to appear in a warmer 
climate. The characteristics of the Nagasaki-type are rather similar to those of 
the Kochi-type, especially in leaves and stigmata, therefore, both the types seem to 
be closely related each other. Accordingly, from the evolutional point of view L. 
speciosum can be divided into the three main groups, the Formosa-type, the Koshiki- 
type, and the, Kéchi-type, with Nagasaki-type, and the differentiation of these 
three groups may probably be older than that of the Kéchi-type and the Nagaski- 


type. Now, comes into question how these ecotypes have differentiated across the 
sea. ) 
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The way of the present distribution of L. speciosum has been obscure. One way 
of the distribution across the sea may possibly be that this lily was carried by the 
Black Current from the Continent of China to our country. This seems to be proved 
by the fact that the regions of the wild growth in Japan are chiefly on the coasts 
facing to the southwest; end the possibility of the distribution of the lily by a 
current was asserted by Stoker (1933). But the reason is not made clear why there 
is no wild growth ot L. speciosum in the Loochoo Islands lying between Japan and 
the Continent of China and it cannot be also overlooked that these ecotypes esta- 
blished across the sea differ distinctly each other. The Japanese Archipelago was 
a part: of the Chinese Continent, in the Palaeogene; in which the present growing 
regions of Kochi and Tokushima were probably on the coast (Watanabe 1933), and 
it is possible that L. speciosum was spread through lend. Considering the remarkable 
differences between the Formosa-type and the Japanese types and the differentia- 
tions of the ecotypes in Japan, the present types seem to have been established in 
very old days. From the geohistorical point of view, Maekawa (1949) called the 
imagined old peninsula from the Chinese Continent Makinoesia-Region, which con. 
tained all the Japanese Archipelago and the present Japan Sea and existed through 
the Eocene and the Oligocene. The Makinoesia-Region is referred to as the’ base 
of Japanese floristic zone, and he suggested: that the region might be divided into 
the Western Makinoesia and the Northern Makinoesia, and that the former floristic 
zone should be related to that of the Old Yangtseking Region and the latter 
to that of the northern part of the continent. The distribution of lilies in Japan 
is connected directly to that in the Continent. Namely, ZL. dauricum Ker-Gawl., 
L. medeoloides A. Gray growing in Hokkaido and the alpine regions of the middle 
part of Honshi, are also found in Saghalien, Kamchatka, the Maritime Province 
and Manchuria. L. Leichtliniz Hooker var. Maximowiczit Baker and L. concolor Salisb., 
which are found in Honshi and Kyiasha, are distributed in Korea and Manchuria, 
the latter extending to Central China. L. callosum Sieb. et Zucc. is distributed in 
Kyushu, Loochoo, Formosa, the Central China, and also in Manchuria and Koree. 
As to the connection of the distribution ot Japanese lilies to that of the continental 
ones, the northern species extend to the northern part of the Continent and the 
southern species to the southern part of the Continent. L. speciosum has the similar 
distribution to L. callosum. It is supposed from the pattern of the distributions of 
the lilies mentioned above, that they had moved before the Japanese Archipelago 
was isolated. As the distributional areas of the Japanese ecotypes in L. speciosum 
are separated by the seas, their differentiation will: go back to the Late Pliocene, 
in which the wild growing region. of each ecotype was separated (Watanabe 
1933), if the isolation of the areas was induced by the division of land. Considering 
the close resemblance of the Nagasaki-type to the Kdchi-type, the differentiation 
into these types and the Koshiki-type may be older than that into the 
Nagasaki-type and the Kochi-type. The courses of this evolution is obscure. How- 
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ever, it may be supposed that Lilzum of Japan originated in the Continent, where 
many species are found, and that the Chinese form of L. speciosum is its precursor 
as asserted by Grove (1930). Investigating the affinity of L. speciosum with the 
other lilies in the Chinese Continent, we find several species which seem to be related 
to L. speciosum in respect of the feature of leaves and the shape and color of flowers: 
j. e. L. Wardii Stapf. in Tibet, L. taliense Franchet, L. Duchartrei Franchet, L. 
lankongense Franchet in the West 
China (Fig. 9). It is highly probable 
that the place of the origination of 
the prototypes or a series of prototypes 
of these lilies including L. speciosum 
was in the mountain region of the 
West China. As to L. speciosum, its 


Type I (Formosa-type) 
Type IL (Koshiki-type) 
Type Illa (Nagasaki-type) 
Type IIIb (Kéchi-type) 
Type IIIb’ 


wild growing regions are much isola- 
ted in the Central China and Formosa. 
This fact shows that the area of the dis- 


tribution of L. speciosum once expand- 


gloriosoides 
speciosum 


ing far and wide was divided in the 


ar. clivorum 


var, 
var, 
var. 


course of time. Accordingly, L. shecio- 
sum may be one of the old races, and 


L. Wardii 

L. Duchartrei 
L. taliense 

L. lankongense 


it is highly probable that its originat- 
ing place was in the Chinese Continent. 
It is believed that the north-eastern 
part in the old area of the distribution 
; & of L. speciosum has remained in Japan 
& with the gradual changing of the plant 
and became the center of the distri- 
bution. Among these ecotypes, the 
Koshiki-type is the strongest and 
has the highest variation, which pro- 


4): 


West <> East 


Fig. 9. Imagined courses of speciation in : : 
Liisi speciosiain ‘grows. mises future luxuriance. The proto- 


type of L. speciosum which originated 
in the Chinese Continent and moved eastward, may probably have been turned 


into the Nagasaki- and Kéchi-types, through the Koshiki-type or its prototype, at 
the border of the distribution area. The former types may have been weakened 
and isolated on the cliffs, partly owing to the development of forests. On the other 
hand it is supposed that the Koshiki-type, which has remained in the south-western 
part of Kyfishf, has been most adapted to the climate and has thrived and produced 
many variations. Consequently these variations may have still more strengthened 
the race itself. Thus, it may be concluded that the Koshiki-type plays the leading 
part in the evolution of L. speciosum and the Nagasaki- and Kdchi-types may be 
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side branches (Fig. 9). 

As the reasons for which L. speciosum is apt to grow in the isolated regions, 
the following points may be pointed out., First, L. speciosum requires sunshine for 
its growth. It grows and propagates well in a sunny place, but does not grow ina 
forest. This is affirmed by the facts that this lily grows vigorously after burning 
the surrounding grass and was eradicated owing to the development of forests. But, 
growing in a less thick forest, L. auvatum distribute rather continuously. L. spfecio- 
sum is regarded to be a precursor in vegetation from the respects mentioned above, 
and to ke unable to thrive in the Eastern Asia in which forests develop easily. 

Second, L. speciosum is adapted to the warmer climate. 

Third, the adaptability of this lily to soil is narrow. L. speciosum grows gene- 
rally in the clayey soil, into which rocks have decayed, and does not grow in the 
volcanic soil. On the contrary, L. Leichtlinit var. Maximowiczii, which is adapted 
to various kinds of soil and even to the volcanic soil, spread widely. Thus, L. 
speciosum is climatically adapted to the coastal region of Kyfsha and Shikoku, and 
remains on the cliffs or islands, where sunshine is got easily. There are some re- 
gions where L. speciosum was found in abundance, in its habitat a short time ago 
but is not seen now. This may be due to the excessive collection of the beautiful 
flowers. 

Although the history of cultivation of L. speciosum is obscure, the use of it as 
the ornamental plant may have probably begun in considerably old times in Japan, 
refering to the descriptions in old literatures. In Japan, the wild plants of L. 
speciosum were probably transplanted in ancient times in many wild growing regions. 
The Koshiki-type, which has been the leading cultivated form, may have been taken 
from the Islands of Koshiki or from the past wild growing regions in the southern 
part of KyGshai. The reason why the Koshiki-type has been particularly developed 
into the horticultural plant may be that it was selected for its many good charac- 
ters because all the ecotypes were once grown with the probable exception of the 
Nagasaki-type. Both the Kochi- and Formosa-types are relatively weak and difficult 
to cultivate, but the Koshiki-type is strong, polymorphic and is adapted to horti- 
culutural purposes, and has also the most beautiful flowers of all the types of L. 
Spectosum. 

The wild plants of L. sheciosum have differenetiated into some ecotypes, one 
of which we have cultivated for ornamental purposes, using wild bulbs even nowa- 
days. Older horticultural varieties of the ecotype were derived from the natural 
variation and can be found in the wild state now, but on the other hand, newer horti- 
cultural varieties have been successively improved nowadays mainly through cross- 
breeding in Europe and America, and it is very interesting to be able to trace 


the derivation of a modern crop from the wild plant. 
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3. Distinct characteristics of Arundineae from Eragrosteae. Although a 
large majority of Eragrosteae are clearly distinct from Arundineae in external 
morphology, it is difficult to determine whether several genera should be treated as 
members of Eragrosteae or placed under Arundineae. C.E. Hubbard (1936) assigned 
the genera Neyraudia, Cleistogenes, Crinipes and Gouinia to Eragrosteae, while 
Pilger (1954) referred them to Arundineae. 

Tateoka (in press) examined the leaf anatomy in six genera of Arundineae 
(Arundo, Phragmites, Molinia, Moliniopsis, Hakonechloa and Cortaderia) and found 
the following features: vascular bundles are surrounded by a cell layer which does 
not contain chloroplasts. Parenchymatous cells often bear cell wall processes and. 
chloroplasts are uniformly distributed throughout the mesophyll. Though Prat (1936) 
referred the anatomical characteristics of Arundo and Phragmites to Panicoid type, 
they are somewhat different, because the typical Panicoid type, shared by a large 
majority of Panicoideae and Eragrostoideae, has a cell layer directly surrounding 
the vascular bundles which contains many chloroplasts. When we follow Avduloy’s 
classification, the characteristics of Arundineae mentioned above belong to Type II, 
while those of Eragrostoideae and Panicoideae belong to Type I. Also, Arundineae 
and Eragrosteae are different in the epidermal characteristics; Arundineae shows 
Panicoid subtype, while Eragrosteae Chloridoid subtype. 

With respect to leaf structure Neyraudia is intermediate between Eragrosteae. 
and the members of Arundineae indicated above. The results of the author’s obser- — 
vation of leaf structure in Neyvaudia reynaudiana (Kunth) Keng are as follows: 
vascular bundies are surrounded by a cell layer which contains large amounts of 
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chloroplasts (Fig. 1, 
‘C), threadlike bicel- 
lular hairs are 
-found on the epider- 
maise (Raped; A); 
-Siliceous cells are 
‘rectangular (Fig. 1, 
‘B) and no cell wall 
‘processes could be 
‘found. As_ des- 
.cribed above, the 
anatomical charac- 
teristics of Neyrau- 
dia are the same as 
-those of Eragro- 
-steae, and in the 


epidermal charac- 


Fig. 1. Neyraudia reynaudiana (Kunth) Keng. A, Bicellular 
hairs found on the epidermis. x 500. B, Siliceous cells of epidermis. 
-resembles Arundi- «500. C, Transverse leaf section. x500. chl-characteristic cells 
which contain many chloroplasts. le-lower epidermis. mc-mecha- 


Big nical cells. mtc-motor cells. ue-upper epidermis. vb-vascular 
.characteristics of = bundle. 


-teristics Neyraudia 
-neae. Chromosomal 


-this genus have not 

been clarified. The systematic position of Neyraudia is still uncertain, but considering 
that the characteristics of transverse leaf section are more variable than the shape 
-of bicellular hairs and that threadlike bicellular 


hairs have never been observed in the members Z co 5 
of Eragrosteae, the genus Neyraudia may be 
included in Arundineae and should be probably Gx) » ¢ 
-treated as an independent subtribe separated from 
typical Arundineae. )¢ ce, 5? 


4. Peculiar features of leaf structure in he! 
the genus Thysanolaena, The genus Thysano- ) >| x 
laena including only one species, JT. maxima / 

O. Kuntze, occurs in tropical Asia and South ‘ Bh B2 


America. Bentham (1881) and Hackel (1887) Fig. 2. Thysanolaena maxima O. 
Kuntze. A, Bicellular hairs found 


; : in the lower epidermis. x600: B, 
-and Camus (1922) referred it to Paniceae. Onthe  sijiceous cells of epidermis, 1-upper 


other hand, Stapf Cafter C.E. Hubbard (1934)) is epidermis, 2-lower epidermis. x ca, 
.of the opinion that it may fall within Arundineae. eA 
CC. E. Hubbard (1934) proposed a‘separate tribe, 


placed this genus under Tristegineae, and Camus 
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at mtc 


C 


Fig. 3. Transverse leaf section of Thysanolaena maxima O. XK. A,’xca. 180. B, x 500; 
small vascular bundle. C, x 400, large vascular bundle. cc-characteristic cells which do: 
not contain chloroplasts. le-lower epidermis. mel-mechanical cel] layer. mt-mechanical 
tissue. mtc-motor cells. ph-phloem. ue-upper epidermis. v-vessel. vb-vascular bundle. 


Thysanolaeneae, containing only one genus, Thysanolaena. The spikelet structure 
of Thysanolaena is similar to that of Tristegnineae and Paniceae: spikelets two- 
flowered, the lower reduced floret and the upper fertile one. However, the rachilla. 
extended beyond the upper floret and sometimes bearing a rudimentary floret is’ a 
special feature of Thysanolaena. Hairy 3-nerved lemma, the habit of tall robust 
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perennials, etc. suggest a relationship to Arundineae. Chromosemes and leaf struc- 
ture in Thysanolaena have never been examined. The author observed the charac- 
teristics of epidermis and transverse leaf section of T. maxima. The results obtained 
are as follows: 

Epidermis :—Siliceous cells are dumbbell shaped in both the lower and the upper 
epidermis (Fig. 2, B). Cylindric bicellular hairs are found on the lower epidermis 
(Fig. 2, A). 

Transverse section :—Characteristic cells which do not contain chloroplasts are 
found surrounding the vascular bundles. Generally, they are large in small vascular 
bundles (Fig. 3, B, cc), and are small in large vascular bundles (Fig. 3, C, cc). 
Inside this cell layer, a mechanical cell layer is found (Fig. 3, B.C. mcl). Motor 
cells are well developed (Fig. 3, A, mtc). Chloroplasts are uniformly distributed 
throughout the mesophyll, and parenchymatous cells which do not arrange radially 
have many cell wall processes. Large mesophyll cells shared by Sitreptechaeta, 
Pharus, Pariana, most bamboos, etc. (cf. Page (1947)) are not found. 

The leaf structure of IT. maxima described above is very unlike that of most 
grasses. It strongly resembles that of Arundineae leaves. Cylindric bicellular hair, 
dumbbell shaped siliceous cells, the existence of cell wall processes in parenchyma, 
vascular bundles surrounded by a characteristic cell layer which does not contain 
chloroplasts, chloroplasts distributed throughout the mesophyll, etc. are features 
common to the two groups. C.E. Hubbard’s (1934) opinion that Thysanolaena 
should be treated as an independent tribe is strongly supported by the peculiarities 
of leaf structure as well as by external morphology and those characteristics 
indicate that this tribe might be related to Arundineae. 


I wish to express my cordial thanks to Dr. J. Ohwi and Dr. Y. Takenaka who 
gave me various valuable advices and assistance throughout this investigation. 
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A vegetative cell of the genus Porphyra is well known to have usually a single 
central stellate chromatophore with one pyrenoid at the center. In 1935, however, 
Prof. Tokida noted that the vegetative cells of P. Onozt Ueda, in the monostroma- 
tic part of the frond, contained two eccentric chromatophores. Further, on this 
interesting fact, he reported, “P. Onot represents an intermediate form between 
the two subgenera, Euporphyra and Diploderma, not only in having a monostroma- 
tic frond intermixed with distromatic portions but also in the structure of the 
chromatophore.” For that reason he established a new subgenus Diplastidia on the 
basis of P. Onot; and it was defined as follows: 


Subgenus Dziplastidia Tokida 1935 


Frond is for the most part composed of one layer of cells containing two 
plastids, and in portions it is often distromatic. 


Now, the cells of the following two new species, which were collected by the 
writer in the Hidaka Prov., Hokkaido, each contained two chromatophores as P. 
Onoi. Their diagnoses and anatomical descriptions are given here as follows: 


The diagnoses of the species 


Porphyra pseudocrassa Yamada et Mikami 
Frons membranacea, monostromatica, orbiculata vel reniformis, marginibus vix 
undulatis, ad basin stipitata, cordata vel rotunda, 3-7 cm. longa, 2.5-7.0 cm. lata, 55- 
82m crassa; cellulis vegetativis rotundato-angulatis, in sectione transversa rotundato- 
subrectangularibus; gelatina superficialis 10-14 crassa; cellulis 2-chromatophoris, 
substellatis (vel discoideis); dioica vel raro monoica ; spermatia in antheridio 128 
a b a b & 


‘3 7 : 
( pagers i Carposporae in sporocarpio 16 (sg 9? = 


* This report was presented at the annual meeting of the Botanical Society of Japan, held 
in October 1954 at Kyoto University. 
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Japanese name: Makure-amanori (nov.). 

Loc.: Harutachi, Samani, Hidaka Prov., Hokkaido; Akkeshi, Kushiro Prov., Hok- 
kaido. (The type specimen is deposited in the Herbarium of the Faculty of 
Science, Hokkaido University.) 

Frond membranaceous, monostro- 
matic, orbiculate or  reniform, 
scarcely undulate at margin, shortly 
stipitate, with cordate or ovate base, 
3-7 cm. long, 2.5-7 cm. broad, 55- 
82 thick; vegetative cells, in surface 
view, angular with rounded corners, 
somewhat regularly arranged, in 
cross section subrectangular with 
round angles, usually twice as long 


as broad; surface jelly 10-14 thick; 


Fig. 1. Porphyra pseudocrassa Yamada et Mikami. 


lowermost cells projecting rhizoidal 

filaments ovate or capitate; each cell containing two substellate (or discoidal) chro- 
matophores; colour of the frond purplish red or russet; dioecious or rarely mono- 
ecious; antheridia formed within yellowish marginal zone of the upper part of the 
frond, containing 128 antherozoids after having divided according to the formula 


eS fi, 2 
128 re vs ear) ; each sporocarp containing 16 carpospores, after having divided 


according to the formula, 16 (=F 2, erik 


The present species grows on rocks in the upper sublittoral zone. The frond 
is as a rule orbiculate or reniform with scarcely undulate margin, and always mono- 
stromatic. In outer appearance, the present new species shows a considerable re- 
semblance to P. crassa Ueda, described and figured by Prof. Ueda (1932) and Prof. 
Tanaka (1952). But it differs from the latter in the following anatomical charac- 
ters. That is, according to Prof. Tanaka, in P. crassa Ueda each cell contains a 
star-shaped chromatophore with several slender arms radiating in all directions 
(1952, p. 56, Fig. 26,b), while this species contains two substellate (or discoidal) 
chromatophores. This peculiar feature is also ascertained in the basal cells which 
produce rhizoidal filaments, as shown in Fig. 2, 1-2. In the structure of the chro- 
matophore, the present materials agree rather with P. Onoi, but differ entirely from 
it in being generally dioecious, in the divisional mode of antheridia and sporocarps, 
and in having the monostromatic thallus. On the other hand, present species shows 
some resemblance to some Californian species, Porphyra lanceolata (Setch. et Hus) 
G. M. Smith and P. pulchra Hollenberg in the structure of the chromatophore and 
in having the monostromatic thallus. But it is distinguishable from Smith’s species 
by the difference of divisional mode of sporocarps outer appearances, and 
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from Hollenberg’s species by outer appearances and its dioecious thallus. As far as 
the present writer’s observations show, this species is dioecious, but rarely mono- 
ecious. Its sporocarps and antheridia are both found along the marginal turn-up 


portion of the frond. 


‘Oo 


(o] 
oO 
8 
(2) 
2 
o) 
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Fig. 2. Porphyra pseudocrassa Yamada et Mikami. 


Section of vegetative portion, with two chromatophores in each cell. 
Surface view of lower cells with rhizoidal filaments (dried). 
Section of lower cells with rhizoidal filaments. 
Surface view of cystocarpic portion. 
Section of cystocarpic portion. 
Surface view of antheridial portion. 
Section of antheridial portion. 
Zee xoa be 1, 3-8, x370. 


wo Re 


anu & 


Porphyra punctata Yamada et Mikami 

Frons membranacea, monostromatica vel distromatica, ovata vel oblongo-ovata 
vel lineali-lanceolata, marginibus undulatis, foraminibus rotundatis majoribus et 
minoribus perforata, ad basin stipitata, cordata vel rotunda, 8.5-18 cm. longa, 3.5- 
7 cm. lata, 50-70 crassa; cellulis vegetativis obscure seriatis, rotundato-angulatis 


e 
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vel ellipticis; gelatina. superficialis 11.5-17.5 4 crassa; cellulis 1-2 chromatophoris 
‘stellatis; dioica; spermatia in antheridio 128 (i mae int 


4 a el carposporae in “sporo- 
carpio 64 oe mes rea 


Aveta 


Japanese name: Sunago-amanori (nov.) 


Loc.: Erimo, Samani, Hidaka Prov., Hokkaido. (The type specimen is deposited 
‘in the Herbarium of the Faculty of Science, Hokkaido University.) 

Frond membranaceous, monostromatic or di- 
stromatic, ovate or oblong-ovate often linear, with 
undulate margins, perforate, shortly stipitate, with 
cordate or ovate base, lustrous, 8.5-18 cm. long, 3.5- 
7 cm. broad, 50-70u thick; vegetative cells in sur- 
face view usually round or elliptic, ca. 17p in dia- 
meter, more or less irregularly arranged; surface 
jelly 11.5-17.54 thick; vegetative cells containing 
one or two stellate chromatophores; dioecious; 
sporocarpic and antheridial patches found on the mar- 
ginal region of the different thalli; each antheridium 
containing 128 antherozoids, arranged in four tiers of 
four each in surface view, according to the formula 


shee , a b Cc 
of division, corresponding to 128 ee: wie TIE 
sporocarp containing 64 carpospores each after Fig. 3. Porphyra punctata Yama- 
having divided according to the formula, da et Mikami Male and female. 


64 (4 a =) ; colour of the frond purplish red. eae 

The present new species was found on rocks in the littoral zones. The shape 
and size of the frond are variable. The materials examined contain two forms. 
‘The one is ovate or oblong-ovate. The other has a linear frond. The fronds of the 
present species are for the most part monostromatic, but usually exhibit a di- 
stromatic nature in many portions of the full-grown frond. One of the leading 
characters of this species is that the distromatic parts can be detected by the naked 
eye as sandy spots. In some respect, P. punctata is similar to P. Onoi Ueda. As 
noted above, however, in the present species, some cells in the thallus contain a 
single typical chromatophore as shown in Fig. 4, 2,8. In other cells in the grown 
portion, the choromatophore soon divides into two which gradually separate from 
each other. Moreover, the present species differs from it in the divisional modes of 
sporocarp and antheridia. The present species is dioecious. The antheridia are 
formed within jarrow marginal zones of the frond. Each atheridium contains 128 
antherozoids, arranged in four each in surface view. The formula of these division 
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corresponds to 128 wid PURE, ) The sporocarpic patches are found in the 


4 4 8 : ; f 
marginal region of the different thallus. Vegetative cells are often intermixed 


among the sporocarps. At the matured female region the short sword-cut like 
streaks are often observed. .As far as the writer’s observations show, the matured 


sporocarps contain 64 carpospores. The formula of these division corresponds to 


Fig. 4. Porphyra punctata Yamada et Mikami. 


1: Surface view of vegetative portion. 7: Surface view of mature cystocarpic portion. 
2-4: Section of vegetative portion. 8: Section of the same portion. 

5: Surface view of young cystocarpic portion. 9: Surface view of antheridial portion. 

6: Section of the same portion. 10-11: Section of antheridial portion. x 370. 


Subgeneric relationship 
When the subgenus Diplastidia was established (1935), there was known only 
one species, P. Onoi Ueda. As noted above, however, P. Onoi, P. pseudocrassa, 
P. pulchra, P. lanceolata, P. punctata, etc. resemble each other in the possession of 
the cells containing two plastids. As pointed out by Prof. Tokida, this character 
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seems to the writer to be that of an intermediate form between two subgenera, 
Euporphyra and Diploderma. 

Judging from the resemblance in their habit, they are to be placed under the 
‘subgenus Diplastidia. Therefore, I propose that it is necessary to expand the defini- 
tion of Diplastidia as follows: 


Diplastidia 
(1) Frond is only monostromatic, or in portions it is often distromatic. 
(2) Each cell contains two plastids, or in portions a single plastid. 


In conclusion, the writer wishes to tender his best thanks to Prof. Y. Yamada 
for his kind direction during this work. 


Resume 


(1) In this paper is reported the discovery of two new species of Porphyra, 
P. pseudocrassa, and P. punctata. 


(2) The definition of Diplastidia (subg.) is expanded. 
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The Ranunculus acris group is very variable in Japan as well as in continental 
‘Eurasia. From outer morphological characters, the senior author? has recognized 
3 species with a few varieties from Japan in this group, excluding R. yakushimensis 
‘Masamune. 

Among them, R. japonicus Thunberg is the commonest race in Japan widely 
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distributed on plains and hills from the southwestern end of Hokkaido (Yezo) south- 
wards to Ryukyu. It is readily distinguished from all other races by its sessile: 
stigma. (Fig. 1 A), and its beakless achenes. Its petioles, leaves, and the lower part 
of stems are usually densely pubescent with spreading hairs, and its basal leaves 
are often incompletely divided into short-serrated broad lobes. Its nectary scale 
at the base of petals is broad and almost flabellate. 

The type specimens a and 8 of R. japonicus from Japan in the Thunberg 
Herbarium at Uppsala surely belong to this race, but those y and 6 collected from 
Hort. Upsaliensis are probably not of the Japanese origin, having a strongly hooked 
beak of achenes as in R. lanuginosus. and should be excluded from the type of 
R. japonicus. 

R. japonicus is pretty variable especially in the shape of leaf-lobes, and in the 
hairiness. The type of R. Buergeri Miquel in Herb. Leiden is a form of R. japonicus. 
with lower leaves which are shortly cut into 3 very broad depressed-roundish lobes 
and only shortly serrated cn the margin. Also a glabrescent form occars here and 

A B re there especially on mountains of Japan, and a 
similar one prevails on meadows in north China, 
Manchuria, and Korea. It is often a more slender 
plant with smaller leaves, and its stems and 
petioles are sparsely hairy with spreading or ap- 


Eigalee Pistile Lone iaponscs pressed hairs or sometimes nearly glabrous. R. 
(A), R. grandis var. mirissimus (B), japonicus has often been confounded with R. 
and R.acris var. nipponicus (C). propinquus C. A. Meyer in various literatures, but 

the typical form of the latter from Altai has distinct hooked beaks, and it is ap- 

pressed hairy, and is much nearer to an alpine form of R. acris than to R. japonicus. 

R. yakushimensis (Makino) Masamune endemic on high mountains of Is. Yaku- 
shima is certainly closely allied to R. japonicus. It is, however, much smaller in 
all respects; and its flowering stems are low and always decumbent and radicant 
at the lower nodes; and its leaves are thick, carnose, and dark green and have lobes 
with a few coarse teeth. 

R. acris L. var. nipponicus Hara” occurs only in the alpine zone of Hokkaido and 
northern and central Honshu. Among the Japanese races, it is nearest to the typical 
R. acris of Europe in the hairiness, the shape of basal leaves, and the shape of 
achene-beak. Its stems and petioles are glabrecent or sparsely appressed hairy. Its 
leaves are less lobed than those of var. multifidus DC., but its cauline leaves are 
more developed than those of R. acris and often similar to basal leaves. R. novus 
Léveillé et Vaniot (1906) from Japan was named to this race, and R. subcorymbosus 
Komarov from Kamtchatka seems to be a glabrescent form of this race. This 
Japanese race has formerly been referred to R. Steveni Andr., but true R. Steveni, of 
course, does not grow in East Asia. 


R. grandis and its varieties?) are very characteristic in sending out long slender 
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subterranean stolons which have never 
been found in any European race. R. 
grandis var. austrokurilensis (Tatewaki) 
Hara (R. transochotensis Hara) is grow- 
ing on grassy lowlands of Hokkaido, 
Kuriles, Saghalien, and Aleutians (Is. 
Adak), but other three races, i.e. R. 
grandis Honda, var. ozensis Hara, and 
var. mirissimus Hara (R. mirissimus 2n=28 


146° 


MH. F 


142° 


var. austrokurilensis 


Hisauchi), are very local in northern 
and central Honshu (Fig. 2). In general 


tw Var. grandis 
these races have somewhat intereme- 2n=42 


diate characters between R. acris and 
R. japonicus in the hairiness, the shape 
of leaves, and the shape of achenes, 
but they differ slightly from one another var. ozensis 
in those variable characters. Bien’ 
The Ranunculus acris group has been ear inirieainine 
cytologically studied by many authors. 2n=28 


In the present investigation, we have 


examined chromosomes in root-tip cells 
Fig. 2. Geographical distribution of R. 


ials representi - 
pernatenals.repecsentingsall.the Japa grandis and its varieties in Japan. 


nese races mentioned above. Collected 

from the natural habitats, they have been all grown in the University of Tokyo. 
For counting of somatic chromosomes, the Tjio and Levan’s method was used with 
a slight modification. The following list of chromosome numbers in the R. acris 
group was compiled from the literature, and from the authors’ work. 

The basic chromosome number in the R. acris group is 7 which has, however, 
been considered to be aneuploid derived from an 8-chromosome ancester of the 
genus and such numbers as 8, 16, and 32 were occasionally reported in this group 
too. The group is highly variable in the chromosome numbers, and both aneuploidy 
and polyploidy have been known as shown in the list. Especially aneuploidy was 
reported in a gynodimorphic race by Sorokin, but no aneuploidy nor gynodimorphism 
has been observed in Japan. 

Of the Japanese races of the group, R. acris var. nipponicus, R. japonicus, and 
R. yakushimensis have hitherto been studied cytologically by Japanese botanists, 
and they were reported to have 2n=14 chromosomes. The authors also reexamined 
them as well as R. acris raised from seeds collected at Stockholm, and its var. 
pumilus collected on Mt. Nuolja in Lappland by the senior author in 1954. They 
proved to be all diploid (2n=14) as shown in Fig. 3, A & B. The karyotype of R. 
japonicus and R. acris var. nipponicus can be represented by the following formulae 
respectively. 
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i wm + MH BOS BSI 
Name 2n Locality Author* 
Rununculus acris L. 8 | Austria? Mattick 1948 
” 12 | Russia (near Leningrad) Sorokin 1924 
” 13, 15,| Russia (near Leningrad) Sorokin 1924 & 27 
a6, 17,| Cgynodimorphic races) 
1 
” 14 | Russia (Moscow) Senjaninova 1926 
” 14 | Sweden? (9 &plen. fl. races) | Langlet 1927 
” 14 U.S. A. (New York) Sorokin- 1927 
” 14 | England (incl. @ fl. race) Whyte 1929 
” 14 | Sweden (Lappland; Jamtland; | Langlet 1932 
Stockholm); Denmark; Italy 
(Turin) 
” 14 | England (9 wild races) Larter 1932 
" 14 | Denmark; Iceland Bocher 1938 
” 14.| Cult. (plen fl. race) Coonen 1939 
" 14} Loc. ? Gregory 1941 
" 14 | Swiss Hess 1953 
" 14} Sweden (Stockholm) Hara & Kurosawa, unpubl. 
" 16 | Austria (Tirol) Mattick 1950 
! var. 28 | Germany (Frankfurt a. M.) Langlet 1932 
" 29-32 | Russia (Moscow) Senjaninova 1926 
ssp. Boraeanus R. & F. 14 | (Seeds from Nantes) Langlet 1932 
7] 16 | France Hocquette 1922 
" 28, 56 | Scandinavia? Nygren 1948 
var. pumilus Wahl. 14 | Faroes (near Klaksvig) Bocher 1938 
” 14 | Sweden (Lappland) Love & Love 1944 
var. nipponicus Hara 14 | Japan Miyaji 1927 
" 14 | Hokkaido ? Sakai 1935 
” 14 | Honshu (Mt. Hakkoda) Matsuura & Suto 1935 
c oe er ee ee Hara & Kurosawa, unpubl. 
ssp. Friesianus R.&F. 14 | France (Nancy) Langlet 1932 
ssp. strigulosus Hy). 
CR. Steveni Andrz. ?) 14 | Denmark (cult.?) Langlet 1927 
" 14 | Swiss Hess 1953 
R.acris x. R. Steveni 21 | Swiss Hess 1953 
R. japonicus Thunb. 14 | Honshu Midzuno (ex Hara) 1952 
” 14 | Shikoku (Matsuyama) Kurita 1952 & 55 
" 14 | Honshu (Kébe) Hujiwara & Kondo 1955 
” 14 | Honshu (Tokyo; prov. Chiba; | Hara & Kurosawa, unpubl. 
prov. Aki; prov. Shinano- (a 
glabrescent form) 
R. yakushimensis . 
Masam. 14 | Yakushima Kurita 1955 
” 14S toe? Cult, ah Hara & Kurosowa, unpubl. 
R. sp. 28 |.Saghalien Matsuura & Suto 1935 


* We have checked all the literatures mentioned below, but omitted to cite them in full, as 
they can be mostly traced from Gregory (1941) and Tischler (1950). 
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R. grandis Honda 
var. austrokurilensis 
Hara 28 
var. mirissimus Hara 28 
" 28 
var. grandis 42 
var. ozensis Hara 42 
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Hokkaido (Nemuro; Tokachi) 
central Honshu (Mitsutége) 
” Coy ) 
n. Honshu (near Morioka) 
central Honshu (Ozegahara) 


Hara & Kurosawa, unpubl. 
Midzuno (1952), unpubl. 

Hara & Kurosawa, unpubl. 
Hara & Kurosawa, unpubl. 
Hara & Kurosawa, unpubl. 


K (2n)=14=2Ay"-+2Aym + 2Bsm + 4Cst 4 2D, s8t-4 20Dpst 
K (2n)=14=2Ay"42A.m + 2B,sm 4. 2B,sm 4 4Cst 4. 2°DDst 


Stoloniferous R. grandis 
with 3 varieties were here 
cytologically studied for the 
first time with certainty, 
although the plant of Sagha- 
lien with 14 haploid chromo- 
somes reported by Matsuura 
& Suto in 1935 may belong to 
this race. In 1952, by the 
courtesy of Dr. T. Midzuno, 
R. grandis var. mirissimus from 
Mitsut6ge was determined to 
have 2n=28 chromosomes, but 
the result has not been 
published. Now we 
noticed that both R. 
grandis var. austroku- 
vilensis from Tokachi 
and Nemuro in Hok- 
kaido, and R. grandis 
var. mirissimus from 
Mt. Mitsutége (ca. 1600 
-1700 m), Prov. Kai in 
central Honshu are 
tetraploid (Fig. 4). 
Whereas fF. grandis 
from. Prov. Rikuchu 
in north Honshu, and 
R. grandis var. ozensis 
from Ozegahara (ca. 
1400m high) in central 


c chromosomes of R. japonicus from 
Prov. Aki (A), and R.acris var. nipponicus from Mt. 
Hakkoda (B). xca. 2000. 


Fig. 3. Somati 


from Mitsutége (B). 


Somatic chromosomes of R. grandis yar. 
austrokurilensis from Tokachi (A), and var. mirissimus 


xca. 2000. 
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hae ie Honshu are hexaploid 
“ie ee ee = (2n=42) which'is a‘new 
3 : a number in the R. acris 


group (Fig. 5), although 
hexaploid cells have very 
rarely been found in the 
tissue of the young fruits 
by Bécher in 1938. 

The karyotypes (Fig. 
6) of these races analysed 
from the figures 4 and 
5 can be shown as fol- 
lows: 


. 


oa oe ¢ Ee es Rs at 

Fig. 5. Somatic chromosomes of R, grandis var. 
grandis from near Morioka (A), and var. ozensis 
from Ozegahara (B). xca. 2000. 


R. grandis var. mirissimus (R. mirissimus) 
K(2n)=28=4A)"+4A,™ + 4Bs + 8Cs?4+4D) #4 4D,5¢ 
R. grandis var. austrokurilensis (R. transochotensis) 


K(2n)=28=4A\"+4A0™ + 4Bs4 8Cst 44D, 5¢44D,5# 


R. grandis var. grandis 
K(2n)=42=12A™"+6Bs”™-+412Cst412Dst 


R. grandis var. ozensis 


K(2n)=42=12A"+6Bs" + 12Cst4-12D% 


Taking into consideration the instability of chromosome number in the R. acris 
group, and also the chromosome morphology mentioned above, an allopolyploid 
origin might be suggested for these polyploids. 

The pollen grains of Japanese races were observed by Miss Masa Ikuse, but 
the distinction in shape and size among them was not clear. . 

The stomata on the lower surface of basal leaves were also examined. All 
diploid races have small and regular stomata. In R. japonicus, stomata are nu- 
merous and 50-63 (-72) mw long; in R. acris of Europe they are 49-55 & long; in R. 
acris var. nipponicus 53-60 mw long, but much fewer than those of R. japonicus; and 
R. yakushimensis they are 53-594 long often mixed with somewhat shrunken ones. 
Stomata of tetraploid R. grandis var. austrokurilensis are also regular, and 51—63yu 
long. In tetraploid R. grandis var. mirissimus, however, stomata are much fewer 
and larger than those of R. japonicus, and (59-) 63—88 (-93) w long. -Hexaploid 
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R. grandis has regular stomata (54-) 59—64 

(-69) » long, while in the other hexaploid, 1 ) 
R. grandis var. ozensis, they are irregular \ 
‘in size varying from (44-) 59 w to 88.(-98) wu 

long, and chloroplasts in the guard cells are 5 ( ] 
smaller and inconspicuous as compared with \ { 
other races. 


It is very interesting to consider the g , err 
phylogenetic interrelationships between the i< «Ksx< §*% “<< (3 
Japanese races investigated here. And it 3 ; ve a aa 
is evident that polyploidy played an impor- \N dj H] '] V } i bt 7) 


tant role in the evolution and speciation 
of this group. Before the problem can be |  ] 08 bt aeeten 
fully discussed, we should of course study i YY \ Yl HH AN 
more ample material from continental Asia, AU A ae eee 
and further cytogenetical studies including j Q “4 ) \ bi VC 00 
cross experiments between various races are 


much needed. However, judging from the \ /\ WW) oar ae 
: ; v4 
data now at hand, the following assumption NN \ ) / | ff 7 \ <P) ) 
regarding the history of evolution in the 
R. acris group of East Asia may be admis- 5 (\ Ce () ii i j " a4 
sible. 
Untilthe widdle’ Tertiary, the ancestor HAA GA Wie U 


of the R. acris group may not have reached 
East Asia. The fact that the group is not 
native in North America supports this view. { 
First of all, R. japonicus more fitted to warmer 
temperate climate has differentiated from 6 4 
the ancestor in the diploid level, and has 


ii) tb Ub 


Japan. Then a tetraploid race (possibly R. Fig. 6. Somatic chromosomes of (1) 
Ranunculus japonicus, (2) R. acris var. 
nipponicus, (3) R. grandis var. mirissi- 
mus, (4) var. austiokurilensis, (5) var. 
japonicus or from its progenitor, and has grandis, and (6) var. ozensis. xca. 1500. 


e ; sv e 
AW Ii 
Ye) 

gradually spread eastwards over China and 


grandis var. austrokurilensis) which acquires 
a stoloniferous habit has arisen from R. 


been distributed northwards. 

Later during the Ice Age, R. acris has extended its area widely over Eurasia. 
A tetraploid race (R. grandis var. austrokurilensis) has spread southwards at least 
to the middle part of Honshu which had once been occupied by R. japonicus. And 
during the Pain or the last glaciation, R. acris has finally penetrated through 
Hokkaido into the central part of Honshu together with many other widespread 
boreal plants which are now found in the alpine region of central Honshu. 
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After the last glaciation, R. acris which had once occupied a wide continuous 
area in north and middle Japan has survived only in the alpine zone on high moun- 
tains, and was now isolated. R. grandis var. austrokurilensis which might have also 
had a continuous range is now almost perished in middle Honshu. R. grandis var. 
ozensis might be considered as hexaploid derived from var. austrokurilensis and 
has persisted only in woods around the Ozegahara moor where many other boreal. 
plants are found quite isolated from their main areas. R&R. grandis of northern 
Honshu (also hexaploid) and var. mirissimus of central Honshu (tetraploid) are 
other allied races with long subterranean stolons. It is still doubtful whether they 
have been derived directly from var. austrokurilensis, or they, especially var. 
mirissimus, can be assumed to originate from R. japonicus independent from R. 
grandis var. austrokurilensis. It may be probable that these polyploid races now 


found isolated in Honshu are of polyphyletic origin. 


Summary 


All seven races of the Ranunculus acris group growing wild in Japan were 
cytologically examined. Besides three diploid races which have hitherto been repor- 
ted, two tetraploid races (2n=28) and two hexaploid races (2n=42) were here re- 
corded for the first time. It is noteworthy that all these four polyploid races have 
a striking characteristic of having long subterranean stolons, and occupy definite 
geographical areas, and therefore, they have been treated as R. grandis Honda in 
a wide sense by the senior author, notwithstanding the variability in other outer 
morphological characters. Probable interrelationships between those races were 
also discussed. 


We wish to express our most cordial thanks to Dr. Nobunori Tanaka for his 
kind advises and helps. 
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Flowering Responses in Pharbitis Nil in Relation to the 
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I. Introduction. It has been demonstrated in many plants that the leaves are 
the locus of photoperiodic induction. In a developing axillary bud of Xanthium, a 
leaf area of 0.2cm? in total, when subjected to a single short day, can induce 
flowering (6). Dark treatment of a portion. of a leaf is also effective in some 
plants (1, 2, 3). In the present studies attempts were made to obtain some infor- 
mation about the quantitative relationship between the dimension of the leaf area 
and photoperiodic reaction. . 

Japanese morning glory, Pharbitis Nil, strain “ Violet”, was used as in previous 
experiments (4). 

As methods, plants grown under continuous illumination were decapitated above 
the second node, whose leaf was used as donor and its axillary bud as receptor. 
All lower nodes were deprived of their leaves and buds. The leaf area at the second 
node was reduced to a. desired size by removing an adequate piece of the blade. 
After being exposed to a given short day treatment, the plants were returned to 
the bench illuminated by natural day light supplemented with artificial light at 
night. The observation was made after about 2 weeks, when the receptor bud had 
developed to a considerable size. 


Il. Experimental results. 


Experiment 1. Twenty plants were transplanted in 4 rows of 5 plants in each. 
At the beginning of the experiment, plants were selected for uniformity and inferior 
plants were removed. The plants were decapitated above the third node. In the 
control lot the whole leaf blade was removed. In two other lots the leaf blade was 
restricted to a very small and a somewhat larger piece, respectively, above the 
petiole by cutting off proportionate parts. In the last lot the whole leaf remained 
intact. The leaf areas measured by a planimeter at the end of the experiment 
were 2.8, 10.4 and 39.6cm? on the average, respectively. To make the plants and 
the prevailing conditions in all experimental lots as uniform as possible, experiments 
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were designed so that each of the 4 rows contained in one box had different leaf 
areas. They were given five short days consisting of an 8 hour light period and a 


16 hour dark period, thereafter they were transferred to continuous illumination. 
As shown in Table 1, the plants deprived of a whole leaf blade remained vegetative: 


Table 1. Photoperiodic induction in relation to the leaf area exposed to 5 short days 
(Sown on June 10, experiment started on July 13, 1950). 


Average leaf area exposed to dark 0 2.8 10. 4 39.6 
period in cm2 


No. of plants with 
flowers 0/20 19/20 17/17 20/20 


No. of plants observed 


No. of flower buds 0 75 102 181 
Average number of flowers per plant 0 3.840.40 6040.33 9.1+0.81 
No. of plants with terminal flower 0 0 1 10 
Average number of the node bearing | — 2640.12 3.1+0.12 2.3+0.18 


the lst flower primordium 


without initiating a single flower primordium. Nineteen out of 20 plants with the 
leaf area of 2.8cm2, initiated 75 flower primordia in the total. All plants of the 
other two lots produced flower primordia. The average numbers of flowers per 
plant were 3.8, 6.0 and 9.1 respectively, indicating an increasing response with 
increasing leaf area left after the operation. 

Experiment 2. In this experiment the leaf blades were restricted to 1cm2, 4cm2 
and the basal half of the area. Plants with a whole leaf and without leaf blade 
were also used as controls. Following a 5 short day treatment they were grown 
under continuous illumination. The results are represented in Table 2. The plants. 


Table 2. Photoperiodic induction in relation to the leaf area exposed to 5 short days 


(Sown on Sept. 19, experiment started on Oct. 17, 1949). 


Area of the leaf exposed 0 1 cm2 4 cm2 basal half whole 
to dark period of the leaf leaf 
No. of plants with _ 
HOWE 
_-—___ No. of plants 0/16 16/16 16/16 15/15 14/14 
observed 
No. of flower buds 0 80 94 112 123 
Average numb yet 
e oe othe ony 0 5.040.27 5.9+0.20 7.5+0.47 8,840.28 


No. of plants with terminal 
flower 0 0 0 6 7 


Average number of the node 
bearing the lstitiewer — 2.540.20 2.340.17 1.34+0.12 1,240.11 


primordium 
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deprived of the entire blade did not form a single flower primordium. All other 
plants, even those which had only a small piece of leaf blade of lcm? left, initiated 
flower primordia. The number of flower buds increased with the increasing leaf 
area subjected to short day treatment. The plants with one half and one whole 
leaf blade initiated 6 and 7 terminal flower buds, respectively. With the reduction 
of the leaf area, indications are that the flower primordia appear later, as revealed 
by the average number of the node bearing the first flower primordium. This may 
be due to the fact that it takes a longer time for a small leaf area than for the 
whole leaf to supply an effective amount of stimulus to the receptor. 

Experiment 3. In two lots the blade of the 2nd leaf was reduced to one quarter 
and one half of its area, respectively. In another lot the 2nd leaf and in the last 
lot the 1st and 2nd leaves were left intact. The average leaf area measured at 
the end of the experiment was 7.8cm?, 13.9cm2, 23.8cm2 and 42.7 cm2 respectively. 
Plants deprived of all leaf blades were also used as control. The results are repre- 
sented in Table 3. Plants without leaf blades did not produce flower primordia. In 


Table 3. Photoperiodic induction in relation to the leaf area- exposed to 5 short days 


(Sown on June 5, experiment started on June 27, 1950). 


Leaves exposed to dark | Cont- Basal one quarter _ Basal half of 2nd leaf 1st and 
period rol of the 2nd leaf the 2nd leaf 2nd leaves 
Leaf area in cm2 0 7.8 13.9 23.8 42.7 
No. of plants with 
flowers 
No. of plants 0/20 17/19 19/19 19/20 18/18 
observed 
No. of flower buds 0 62 81 89 102 
pe cyaee aber O86 | 119 3,840.38 4.3+0.39 4,540.39 5.70.36 
flowers per plant : ‘ : ; , : Si Leet 
No. of plants with 0 0 1 3 11 
terminal flower 
Average number of the | _ 
Wedabearing the Ist 1.8+0. 11 1.640) 12 1.5+0.12 1.4+0, 12 
flower primordium 


the lot with one quarter of leaf area left, 17 out of 19 plants produced 62 flower 
primordia in the total. All plants of the remaining three lots produced flowers 
except one in the lot having the 2nd leaf intact. The number of flower primordia 
initiated increased with the increasing area of the donor leaf. Also more terminal 
flowers were initiated with the increase of the area. A rising tendency of the node 
' bearing the first flower when the leaf area was decreasing is also evident. 
Experiment 4. As reported in the previous paper, flower primordia can be initiated 
in Pharbitis Nil even when the leaf is entirely removed after having been exposed 
to a single dark period of sufficient duration. The time, in which the stimulus may 
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be transmitted from the leaf in an effective amount to cause flower initiation, may 
also vary with the area of the leaf exposed to photoperiodic treatment. ‘This 
possibility was investigated in further experiments. A hundred and twenty plants 
were planted in 6 boxes with 20plants in each. Each box contained 4 rows, 5 plants 
per row, and each row received a different reduction of the leaf area. In 3 rows 
the area of the second leaf was reduced to 1.0cm2, 4.0cm?2 and one half of the blade 
respectively. The plants of the remaining row had the second leaf intact. All boxes 
were covered with wooden boxes. After 18 hours the covers were removed from 2 
boxes and immediately the donor leaf was cut off. Other 2 boxes were darkened 
for 24 hours and then defoliated. The remaining 2 boxes were defoliated after a 
dark treatment of 30 hours’ duration. Table 4 shows the results obtained. In plants 


Table 4. Relation between the area of donor leaf and transmission time of the photoperiodic 
stimulus from the leaf. Leaf was restricted to the given area before dark treatment 


(Sown on May 20, experiment started on June 18, 1952). 


Duratiores #hididacic Average leaf area in cm2 

period given before 1.0 4.0 153 Shalt 
Group | yemoval of the leaf, es (basal half (whole 
in hours of the leaf.) leaf) 


No. of plants with _ 


| flowers 
1 18 Bt te Laer are of 0/10 0/9 1/10 4/10 


plants observed 


No. of flower buds 0 0 3 12 
No. of plants with _ 
flowers | . 
2 24 Se “No. of 0/10 0/10 4/10 6/10 
plants observed 

No. of flower buds 0 0 10 12 
No. of plants with — 
AOWae pie 

3 30 es No. of 0/10 0/10 3/10 6/10 


plants observed 


No. of flower buds 0 0 6 22 


with leaf blades of 1 cm? and 4 cm? no flower formation occurred, even when the 
dark treatment lasted 30 hours. Some of the plants with one half of the blade left 
initiated flower primordia following dark periods of any duration. Plants whose 
whole blade of the 2nd leaf was left intact produced more flower primordia than 
the preceding lots. 

Experiment 5, Three hundred and sixty plants were transplanted in 18 boxes 
with 20 plants in each, and divided in 3 groups consisting of 6 boxes. Three lots of 
each group had leaf blades of 4 cm?, 12.6 cm2* (basal half of the leaf) and 28.3 cme 
(whole leaf), respectively. The rows of 5 plants, each with a different leaf area, 


* Measured at the conclusion of the experiment. 
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were arranged in each box in randomized order. They were then transferred to the 
dark’ room and each group was defoliated after dark treatment of 18, 24 and 30 
hours respectively. The results are indicated in Table 5. Three plants with leaf 


Table 5. Relation between the area of donor leaf and transmission time of 
photoperiodic stimulus from the leaf 


(Sown on May 26, experiment started on June 24, 1952). 


Wutetionterihe dack Average leaf area in cm2 
Group period given before Responses A. 0 WS 28.3 
removal of the leaf, (basal half (whole 
in hours of the leaf) leaf) 
No. of plants WaRiy 
flowers : 
1 18 piel No. of 0/36 0/35 8/36 
plants observed 
No. of flower buds 0 0 14 


No. of plants with _ 
flowers ol Se 


2 24 i No. of 0/35 6/35 27/36 
plants observed 
No. of flower buds 0 21 97 


No. of plants qth 
flowers 


3 30 wees he i 3/36 14/36 19/36 
ita observed 
No. of flower buds 4 Bi) 65 


blades of 4cm? initiated flower primordia only when the dark treatment before 
defoliation lasted 30 hours. Six out of 35 plants with one half of leaf area which 
was exposed to 24 hour darkness developed flower primordia upon the removal of 
the remaining half. Of the 36 plants with whole leaf blades which were defoliated 
after 18 hour dark period, 8 plants were induced to initiate flower primordia. The 
increasing response with the lengthening of dark period before defoliation is, in 
spite of some irregularities, obvious. 


III. Discussion. Recently Khudairi and Hamner (6) studied in detail the relative 
sensitivity of leaves of different age in Xanthium and found that a young developing 
leaf on the main axis having an area of 1-2cm? cannot cause flowering, whereas in 
a developing cotyledonary bud a leaf area of 0.2 cm? in total is sufficient to cause 
response to a single dark period of 16 hours’ duration. Some authors claim. that 
defoliated stems of some short day plants may be induced to flower when given 
repeated inductive photoperiodic cycles (7, 8). In Pharbitis, none of the plants 
deprived of all leaf blades, at least under short day treatment of 5 days, initiated 
a single flower primordium in all above and other, here not mentioned experiments. 
In some individuals a leaf area of only 1 cm?, when given 5 short days, can induce 
the growing point of its axillary bud to initiate flower primordia. The photoperiodic 
response increases with the increasing leaf area subjected to photoperiodic treatment, 
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but the increment in response is not proportional to the size of leaf area. Under 
favorable conditions small pieces of a leaf blade can produce more flower buds than 
expected from the dimension of the leaf area (Tables 1 and 2). 

The time, in which the stimulus is transmitted from the donor leaf in effective 
amounts to cause flower initiation, increases with decreasing leaf area. Experiment 
5 indicates that it lies between 24 and 30 hours in plants with the leaf area of 4 
cm2, between 18 and 24 hours in plants with one half of leaf area, and is shorter 
than 18 hours in plants with a whole leaf blade. The intensity of photoperiodic 
induction is closely related to the size of the leaf area which receives the dark 
treatment. 

In defoliation experiments (Tables 4 and 5) some irregularities were found when 
the dark period before the removal of the donor leaf was prolonged. The response 
decreased in 30 hours’ lots of Tables 4 and 5. Such cases were also encountered in 
another experiment previously reported (5). What circumstances were responsible 
for this behavior cannot be explained without a further experiment under controlled 
conditions, since the experiments reported here were performed in an uncontrolled 
greenhouse where the external conditions varied considerably. 


Summary 


1) Plants deprived of all leaf blades cannot be induced to initiate flowers when 
exposed to an 8 hour light period followed by a 16 hour dark period lasting 5 days. 

2) A leaf area reduced to 1 cm? is sufficient to cause flower initiation when 
subjected to 5 short days, 

3) Under favorable conditions some individuals whose leaf blade is restricted 
to 4 cm? can cause flower initiation when subjected to a 30 hour dark period followed 
by immediate defoliation. 

4) Flowering response increases with increasing leaf area but the increment in 
response is not proportional to that of the leaf area. A small piece of leaf can 
produce relatively more flower buds than expected from its size. 
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Introduction 


Numbers of papers!) 2,3), %,5),6.7 have been published describing microorganisms 
capable of growing on wax or paraffin, since Séhngen? reported for the first time 
his findings with Mycobacteria in 1913. In 1925 H. Molisch® isolated several strains 
of moulds growing on the surface of bamboo culm and showed that they were capable 
of utilizing wax as the substrate for their growth. Molisch gave the name 
“cerophile Pilze” to the group of moulds. Tausson9”? demonstrated that paraffin and 
beeswax were oxidized by one of the commoner moulds, Aspergillus flavus. More 
recently Y. Miyamoto.) reported the isolation of a mould species which decom- 
posed wax. It seems, however, that there is much work to be done on this group 
of organisms. In fact, the author of the present paper has isolated several years 
ago one such organism belonging to the class of Fungi Imperfecti from a culm of 
bamboo. 

In this paper will be reported the results of investigations on the cerophilic 
growth of this group of organisms, including the above mentioned strain of mould, 
referred to as Strain W1 in this paper, and also other forms obtained from similar 
sources. For the purpose of comparison, the results with commoner species of 
moulds will also be described. 


Experiments and results 


I) Isolation of moulds from bamboo culm. 

The surface of the culm, especially in the regions near the node, is covered 
with a thin layer of exudated wax substance! 13 powdery white in appearance. 
As the plant grows it commonly occurred that this white patch became gradually 
discoloured into black, the colour change being usually initiated at the margin of the 
patch. Microscopic examination of such material always disclosed more or less 
abundant growths of mould forms, which then were transferred on artificial culture 
media and the organisms were isolated as follows. 
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Methods for isolation. Two methods were devised for isolating the organisms in 
question. (i) A small piece of wax mounted on a slide-glass was warmed until it 
melted to make a thin layer of wax on the glass surface. The test material i.e. 
small portion of infected wax layer (see above) torn off from the bamboo culm 
with a knife was placed on the solid wax surface, which then was kept for 7 days 
‘na moist chamber at 28°-30°C. Part of the mycelial growth stretching themselves 
on the wax surface was picked up to be transferred further to the synthetic culture 
medium (see later). (ii) As an alternative, the plate culture method was adopted. 
Small pieces from the wax film covering the surface of the culm were dropped into 
a test tube containing sterillized water, the content of the tube was smeared on the 
surface of an ordinary malt-agar plate, and the colonies of fungal forms appearing 
after 3-7 days of incubation at 28°-30°C. were transferred to the synthetic medium 
for further investigation. The latter method of isolation furnishes chances also for 
development of ordinary non-cerophilic forms, which might have originated from 
spores accidentally contaminating the wax surface, as disclosed by the ensuing 
growth tests on wax media. Through these methods of isolation, pure cultures of 
cerophilic moulds were obtained from various bamboo species from several habitats 
in the vicinity of Tokyo. These included 22 strains of moulds which the present 
author has identified as follows: Alternaria (7 strains), Curvularia (2 strains), 
Nigrospora (2 strains), Penicillium (2 strains), Aspergillus (1 strain) and Fungi 
Imperfecti (W1 and 7 other strains). More detailed description of these organisms 
will be published elsewhere. 


Il) Tests for cerophilic growth. 


As the starting material wax and paraffin were used; paraffin (m. p. 55°-56°C.) 
Merck, and paraffin (m.p. ca. 50°C.) Junsei Co. Ltd. Japan and yellow bees wax 
(first class guarantee). After freeing from solid contaminants by filtrating through 
filter paper, the liquefied mass of wax or paraffin was washed with a large quantity 
of hot water under vigorous shaking ina boiling water bath. The wash-water was 
tested in regard to its content of substances which might be utilized as the nutrient 
materials in non-cerophilic growth of the moulds. To the wash-water in question, 
the necessary mineral nutrients (Czapek’s solution) were added and the solution 
was inoculated with spores of Aspergillus fumigatus or Penicillium notatum and 
incubated at 24°-28°C. for a month. Negative results in the test was considered as 
indicating the absence of nutrient impurities in the preparation used. At the same 
time, chemical tests including colour reaction with concentrated sulfuric acid, the 
decolourization of potassium permanganate solution, and the colour reaction with 
phenolphthalein were also adopted. All the cultures in this study were carried out 
with preparations warranted for purity in this regard. 

a) Culture on wax surface. Slide-glass covered with paraffin or wax (see above) 
was inoculated with spores from cultures of organisms to be tested. After incubating 
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for 50 days in a moist chamber at 29°-30°C., the growth on the wax surface was 
examined with naked eyes and with a microscope. The results are summarized in 
Table 1. Most luxuriant growth on paraffin was obtained with Strain W1 and Bo, 


Table 1. Growth of isolated mould strains on wax and paraffin (slide-glass culture). 


Paraffin Beeswax 
Organism Ske Set RS 2 
TC Days Growth eG Days Growth 

C6 Aspergillus niger 28 s0-50° |) = 

C5 Penicillium sp. 28 30-50 = 

PX Penicillium sp. 28 50 = 28-30 50 = 
Al Nigrospora sp. 28 380 = 

A2 Curvularia sp. 23 30 a\3 

A5 Curvularia sp. 28 30 AE 

Ww2 Alternaria sp. 30 12-43 ae 30 12-43 ++ 
A3 Alternaria sp. 28 30 — 

A4 Alternaria sp. 28 30 = 

Cl Alternaria sp. 28 30-50 sf; 

C2 Alternaria sp. 28 30-50 se 

C3 Alternaria sp. 28 30-50 + 

C4 Alternaria sp. 28 30-50 ewe 

Wil 28-30 12-43 fit —tiitt 28-30 12-43 tht 
Bl 28 30-50 ae 

B2 28 30-50 =f 

B3 28 30-50 ttt 

C8 28 30-50 a 


less marked results with nine other strains. Growth was also positive with Strain 
WI1 and another belonging to the genus Alternaria, both of which being paraffino- 
vorous as stated above. Among 18 strains of moulds tested, 7 were shown to be 
unable to grow under the conditions of this experiment: among these were 
Aspergillus niger, Penicillium sp., Nigrospora sp. and three other strains of Fungi 
Imperfecti. 

b) Culture on liquid media. As an alternative wax or paraffin was added to 
the basal inorganic medium (Czapek’s solution) as the sole source of carbon and heat- 
sterilized in an autoclave. The mass of wax substances was stirred up vigorously 
before cooling as to give rise to groups of floating isolated flakes on the liquid 
surface when the medium is completely cooled. In another series sucrose instead 
was added to the basal medium. Table 2 presents the results obtained after in- 
cubating the inoculated flasks (Erlenmeyer flasks of 100-200 ml volume) for 33-54 
days at. 28°-30°C. The growth marked with tit was very vigorous, covering the whole 
fiquid surface with hyphae; those indicated with (+) were scanty, forming thin 
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Table 2. Growth of isolated moulds on wax and paraffin (liquid culture). 


Paraffin sols cee, OC ES WAX teens Sucrose — 
ar PANE ry wer, wt. o 
Organism Days g. added mai ig. added abr ols g. added nnicoGen 

(mg) | (mg) (mg) 
C6 | Aspergillus niger| 50 0.3 48.5 - - ls 220.0 
C5 | Penicillium sp. | 50 0.3 16.0 = = 135. 590.0 
PX | Penicillium sp. | 49 0.3 52.8 0.7 68, 2 ue) 434. 0 
Al; | Nigrospora sp. 50 ONT, 21.0 _ _ 3 576.0 
A2 | Nigrospora sp. 50 0.7 25.5 = = 3 542.0 
Al _ | Curvularia sp. 50 0.3 47.7 _ — iL. 5 218.0 
W2 | Alternaria sp. 50 Ong 21.0 — = 3 593.0 
C1 | Alternaria sp. 49 0.3 7.0 0.3 5.0 1.5 353.0 
be io | os | 660 | 08 | on4 15 | 1216.0 
WD 49 0.3 4.0 0.3 2.4 15 469.0 
WE 49 0.3 10.8 0.3 4,2 Leo 290.0 
WJ 49 0.3 9.0 0.3 8.0 15 121.0 


patches of mycelium scattered over the surface of the medium. Mycelial mass was 
collected on filter paper, rinsed with water, dehydrated by pouring a small amount 
of alcohol, extracted with chloroform to remove portions of paraffin or wax adhering 
to the harvested mass, dried and weighed. Control runs without the addition of 
carbon source to the basal medium always gave rise to negative results. 

It is worthwhile mentioning that the yields in dry weight of mycelium were as 
high as 10-20% that of wax or paraffin added, there being no doubt as to the 
cerophilic nature of the growth observed. 

In view of these observations it was thought that cerophilic growth might not 
be rare among the mould species, and commoner species from other sources were 
tested in this regard. Tables 3 and 4a present the results of slide-glass and liquid 
medium culture, respectively, performed as described earlier. From the results in 


Table 3. Growth of common mould species on wax and paraffin (slide-glass culture). 


Paraffin Beeswax 
Organism 
T°C | Days |Growth| T°C | Days | Growth 
Aspergillus oryzae 28 15-20 | +~++ 28 50 +~4 
Aspergillus oryzae 383 28-30 50 t~-+ | 28-30 50 + 
Aspergillus flavus 28 35-50 oh 28 35-50 + 
Aspergillus glaucus var. tonophilus 28 50 of 28 50 4 
Penicillium notatum P1 28 15-20 tHe — —. = 
Penicillium notatum 06 28-30 | 35-50 + 28-30 | 35-50 + 
Monascus araneosus 28-30 | 21-50 | +~+} | 28-30 | 21-50 +~t 
Wi 28-30 | 12-43 | it~dH | 28-30 | 12-43 tit 
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Table 4a. Growth of common mould species on wax and paraffin (liquid culture). 


Paraffin __ Beeswax in Sucrose 
am aS g. added alin : g. added Seed g. added oa cee 

(mg) (mg) (mg) 
Aspergillus niger 49 0.7 49.0 0.7 67.0 iets 479.0 
Aspergillus oryzae 50 0.7 66.5 — — 3 650. 0 
Aspergillus oryzae 383 54 0.7 115.0 0.7 104.0 4 645.2 
Aspergillus flavus 49 0.3 39.0 Oo 57.0 1.5 585. 0 
Aspergillus fumigatus 5052) 49 Oz 42.0 0.7 79.6 4 419.4 
Aspergillus fumigatus5442| 49 0.7 82.8 0.7 100. 4 4 598. 4 
Aspergillus fumigatus5454| 54 0.7 Bon 2 0.7 27.4 4 875.2 
Penicillium notatum P1 54 0.7 69.8 — — 4 829.6 
Penicillium notatum 06 50 OFF, 156.0 a = 3 463.0 
Monascus araneosus 49 0.7 68. 6 0.3 33.6 125 351.6 
Alternaria sp. 49 0.3 10.2 0.3 1350 1,5 290.6 
Cladosporium herbarum 49 0.3 10 0.3 0 1y5 279.6 
wi 49 0.3 64.0 0.3 94,4 1085) 1216.0 


the tables follows that the supposition was actually the case with some of the test 
organisms. It seems, however, that the capacity for growing on wax or on paraffin 
is not necessarily a feature that characterizes one mould species from another, for 
there are occasionally wide differences in this respect among strains belonging to 
the same species. The results of shake-culture are shown in Table 4b. It is apparent 
from these results that, cerophilic growth represents a feature rather common among 
mould forms. 


Ill) Culture on other wax-like substances. 
Wax-like substances including homologues of paraffin (i.e. paraffin, vaseline, 


Table 4b. Growth of common mould species on wax and paraffin (liquid shake culture). 


Paraffin Beeswax 
Organism Days| Growth on |Growth Growth on | Growth 

paraffin in |End-pH|} beeswax in |End-pH 

pieces liquid pieces liquid 
Aspergillus niger 35 ttt - 6.2 + ots 5.8 
Aspergillus oryzae 383 35 Hf - 5.8 4 _ 5.8: 
Aspergillus flavus 28 ttt a 6.8 {itt + 6.4 
Aspergillus fumigatus 5052|, 35 Ht = 6.2 + = 58 
Penicillium notatum P1 30 = = 5.8 8 = 8.4 
Penicillium notatum 06 34 +h + 7.4 —— — —— 
Penicilhum sp. PX 80 tit ++ 8.2 tit + 8.2 
Monascus avaneosus 28 tH + 6.6 +h + 6.0 
Cladosporium herbarum 35 + - 5.8 +~tt - 5.8 
A2 . 35 tht = 5.8 + _ 5.6 
Wi 30 tt Hi 8.0 tit +h 6.2 
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liquid paraffin), various waxes (beeswax, lanoline, wood wax), olive oil, higher 
members of fatty acid series (oleic, stearic, palmitic, myristic, lauric and capric 
acids) together with the allied compounds such as cetyl alchohol, glycerol, cholesterol 
and carbowax, were tested for their effectiveness in supporting growth of mould 
strains under investigation. Table 5 and 6 summarize the results obtained by the 


Table 5. .Growth on various waxes and allied substances (slide-glass culture). 


Substrate | wi Aspersillus Aspergillus gtateas var. | notatum | sp. | qifondstis, 
tonophilus4) 06 PX 

paraffin(Merck1)) tit + +~+ +~+ + + + 
paraffin(Merck II) tit 35 es 25 - + Fe 
paraffin. (Junsei)| Ht f~+ + + ee: + 4t~ tt 
liquid paraffin He + + + | + +t + 
vaseline (white) Att ae Sie a6 +t + tt 
beeswax tit fe ae Beer = ae +t 
wood wax Ht + +~+ 28 + ss +—tt 
olive oil tt +~tt Ht = | + + aR 
Cétyl alcohol itt + + SQA ORY 4 9. + Ht 
unknown alcohol | +~+ — oa= eee —— — — 

> nonacosane th—~ tt — oa + — — 
slide-glass surface] +~++ SF + +~+ + + fot 


paraffin (Merck I): m. p. 55°-56°C. 
paraffin (Merck II): m. p. 42°-44°C, 


slide-glass culture and of liquid medium culture, respectively. Methods in preparing 
culture media in these experiments were in principle the same as described above. 
Remarkable is the fact that our test organisms proved themselves to be almost 
omnivorous as far as the substances investigated in the present experiments were 
concerned. No essential difference discerning between the wax inhabiting form W1 
and other laboratory mould strains was observed, although the results with the 
former were mostly superior to those with the latter organisms, especially when we 
refer to the slide-glass culture. 


IV) Growth measurement with Strain W1 and Aspergillus flavus. 

Cerophilic growth of two of the test organisms, one from wax-covered natural 
habitat and another from the ordinary laboratory stock, was followed over the 
period of seven weeks of incubation on a medium containing paraffin or beeswax 
as the sole source of carbon. To Erlenmeyer flasks (100 ml volume) containing 50 ml 
each of basal inorganic medium, 0.35¢g each of paraffin or beeswax was added, pH 
adjusted to 5.8 with sodium hydroxide. Seven flasks in each series were inoculated 
simultaneously and incubated at 30°C. One flask each of WI1 awd of Astervillns 
flavus series was taken out at a time and used for the measurements. The dry 
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Table 6. Growth on various waxes and allied substances (liquid culture). 


Substrate Wil Aspergillus flavus 
Kind g. added) End-pH eet ae ) Growth | End-pH ce Bon Guz) Growth 
none 0 6.0 34.0 oe 6.2 ilo) + 
sucrose 15 8.4 467.0 Bild 6,2 379.0 ttt 
paraffin (Merck I)} 0.35 6.0 37.0 4 6.6 30.0 ++ 
paraffin(Merck II)| 0.35 6.2 61.4 tH 6.8 30.0 -+}+ 
paraffin (Junsei) | 0.35 6. 4: ) 48,2 Hh 6.6 30. 0 ++ 
liquid paraffin OF 30 5.8 aoe tit 6.0 28.0 H+ 
vaseline (white) | 0.35 5.8 48.0 tit 6.0 64.0 Ht 
beeswax 0.35 6.8 57.0 tit 6.6 24.0 aa 
lanoline On5 6.0 Bl, 6 ++ 6.0 48. 2 tlt 
wood wax 0.35 6.2 39.4 4th 6.4 30.0 He 
olive oil lec 6.0 183.5 {itt 6.4 230.8 fit 
oleic acid lec 5.8 111.6 Hitt 6.0 71.8 jiu 
stearic acid 0.5 6.2 48.6 {iit 6.2 DHE ++ 
palmitic acid 0.5 5.8 49.0 tit 6.2 28.0 + 
myristic acid 0.5 6.0 29.2 + 6.2 34.0 +H 
lauric acid 0,5 5.8 8.0 + 6.0 69.0 ttt 
capric acid 0.5 5.4 5.0 az 8.0 194.0 ttt 
cetyl alcohol 0.5 6.4 JANES + 6.6 14.0 ar 
glycerol ee 8.0 304. 0 tit 8.2 188.6 Hit 
cholesterol 0.5 6.2 0 - 6.0 0 = 
carbowax 400 O45: 5.8 1.0 af 6.0 0 a 
carbowax 4000 0.5 6, 2 = Se oar a Pr ry 


weight of mycelium was measured with precautions described above. The amounts 
of wax or paraffin left unused in the medium were determined by extracting with 
chloroform. The efficiency of growth was computed as the ratio: mycelium har- 
vested (mg dry weight)/carbon source consumed (mg) (Table 7). 

The results with the wax-inhabitant W1 are almost self-evident and need no. 
further explanation, the yield in mycelium steadily increasing with duration of 
culture and also in line with the consumption of either carbon sources added. (Fig. D 
The efficiency of growth as defined above amounted in average to about 0.51 on 
paraffin and 0.46 on beeswax. , 

The results with Aspergillus flavus are somewhat complicated by the circum- 
stances that the growth of the mould as measured by the increase in dry weight 
of the harvested mycelium was fairly rapid only in the first week of culture, no 
appreciable gain being achieved in later periods. Also in this instance the con- 
sumption of added paraffin assumed a steady increase with incubation time, if we 
are to overlook fluctuations which were most probably due to the physical inhomo- 
geneity of growth media with such substances as paraffin or wax. The decrease 
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Fig. 1. Development of mycelium on wax and paraffin. 


in the computed values for the consumed amounts of wax with the duration of 
culture in this case is difficult to explain. 


V) £ffect of surface active substances. 

Several papers!” have appeared describing accelerating effect of surface active 
substances (e.g. Tween compounds) on the growth of microbes. In the following 
experiments Tween 40 and Tween 80 were tested in this respect. To 100 ml of the 


liquid culture medium containing wax or paraffin as usual in the. present study, 
0.05 ml of Tween 80 or Tween 40 was added (Table 8). 


These surface active agents-were found to be utilized by Strain W1 as the sole 
source of carbon and abundant growth, even outdoing that with paraffin, took place 
in their presence. Simultaneous presence of these substances together with paraffin 
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Table 7. Development of mycelium on wax and paraffin (liquid culture). 


Tenbae! Wil Aspergillus flavus 
C-Source : oe End- Pry wt. of C-Source | Efficiency End. |Pry wt. of C-Source |Efficiency 
(Weeks )| pH mycelium | consumed of OEE mycelium |consumed of 
| (mg) (ng) growth | P (mg) (mg) growth 
Ltoln6ud bit Int 0 Sef) 6.05] er B4ee eigeeO — 
2 G42, 9.2 22.4 0. 41 6.2 24.4 | 41.3 0.59 
3 (O72 PM Ps 42.1 0.65 6.0 22.4 43.2 0. 52 
Paraffin 4 6.2 21.8 44, 8 0. 49 6.8 49. 4, (Bee 0. 66 
5 | 62! 98.0 53.2 0.53 | 68} 30.0 | 65.9 0. 46 
6 6.2 28.0 78.4 0.37 6.8 oil ae) Lafle e3) 0. 54 
i 6.4 38.0 62.4 0, 61 6.8 32.4 104.5 0.31 
1 6.0 3.0 17.4 (te aly 6.4 21.4 104.3 0.21 
2 6.0 11.4 PTW) 0. 42 6.2 28.0 81.4 0.34 
3 G2 2200) 38.5 0.57 6.4 25.0 Was) 0.34 
Beeswax 4 6.2 21.8 48.1 0.43 6.8 40.0 84.3 0. 48 
5 6.4 46.2 S725 0.53 6.8 31.0 62.0 0.50 
6 6.8 26.8 84.2 0.31 6.8 20 Ne Ole9 0. 46 
7 6.8 36.2 (OE 0.50 6.8 25.0 67.2 0.37 


resulted in mycelium yields remarkably superceding either individual levels, but 
appreciably lower than the sum of figures to be obtained with the individual 
ingredients. Aspergillus flavus, on the other hand, was found to be incapable of 
growing on either of these surface active agents; the addition of Tween 40 to the 
paraffin culture medium had no effect whatsoever on the yield. A set of shake- 
cultures also was carried out on the same media, with essentially the same results 
as above. 


Table 8. Effect of surface active substances (liquid culture). 


Dry weight of mycelium (mg) 


C-source 
Wi Aspergillus flavus 

none 3.4 0 

sucrose 934. 0 «: Se 354. 8 
paraffin 82.0 5178 
Tween 80 145. 2 — 
Tween 80+ paraffin 172.0 — 
Tween 40 204.0 4.0 
Tween 40+ paraffin 240.0 54.6 

Acknowledgements 


The author wishes to express her appreciation to Prof. T. Ohtsuki for his kind 


368 fi H MER 8 69 GS BH 819 S Ag 31 A 9 A 


guidance and encouragement and also to Prof. Y. Miyamoto, and Dr. K. Tsubaki 
for their courtesy in providing the author with valuable advices and several mould 


strains in their type culture stock. 


Summary 


1) Twenty-two strains of moulds were isolated from the culm of bamboo plants 
and tested for their ability of growing on wax and paraffin which were added as 
the sole source of carbon. 

2) Laboratory stock of ordinary mould species also were examined in this 
regard. 

3) It was revealed that “cerophilic growth” i.e. the growth on wax, paraffin 
etc. which were added as the sole source of carbon was a feature not common 
among mould forms in general. 

4) Allied substances other than wax and paraffin were also tested and found 
to be effective in supporting the growth of some of the moulds investigated. © 

5) Cerophilic growth on wax and paraffin was followed with cultures of Strain 
W1 and Aspergillus flavus in regard to the increase in weight of mycelium and the 
consumption of added carbon sources was simultaneously measured over a period 
of seven weeks of incubation. 

6) Effects of surface active substances on the cerophilic growth of Strain W1 
and Aspergillus flavus were investigated. The growth of the wax-inhabiting organism, 
W1, on paraffin was favorably affected by the addition of Tween 40 or Tween 80 
to the culture medium. 
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Taro Iro*: Fruit Body Formation in Red Bread Mould, Neurospora crassa I. 
Effect of Culture Filtrate on Perithecial Formation 


1956 “2 6 AS Atty 


if 


SARE AEG $s\>C, Sitd b Phy- 
comycetes CIX=E MCE REAAD USL, MK 
VA Gitte? EMRE OK 0, EUCHRE 
Ol INF & HET PIEE, Efe Ascomycetes 
WEO\c Basidiomycetes D —RAMIEK & ZHICO 
S<¢F7 YidFIEO CH FIP Ee 
asW>C, Alike aR ae ONC Baila Ghd FIA 
DEORIE LTS SBEWH ST EO TUM 
BFW LON bNKEEOLRO CHE OME 
Tg\>. Phycomycetes “Git Achlya bisexualis £0. 
cA. ambisexualis OWA RAA)¢ OU Fe Hla) © MEMES 
IAA ALC BF a 2 a % BREAST EME Sb SSR 
Dido CHEME RIA HRS TARY S EET a 
Raaa Zot 2, KE Po eM Ea (SEE Be NIC EI 
APR VED TS 9 EGF eA Te oMEPE RA 
TAO HERES TEIRULIT IE HEED PEA 7 
TU SER OX DBHS%, Ascomycetes Clk 
Bombardia lunata, Glomerella cingulata, B2U< 
Neurospora sitophila Gc, *7z Basidiomycetes 
Gli Hypomyces solani & Lenzites betulina & 
CLOF RABIES LSPARRA Oo Die BH 
RLOPBLENSNTWSo DS SWEFELMENE 
BGMAFRKREOCL S80, FOMAMICES 
wt EDT LO < KIRA EO LBZ 6 
S28, =, SORMRR CHTRAAILE NT 
\Voitv>, Dodge® ( Neurospora sitophila Gc 
PETAR STILE AS ELIS O EU EIAIC EB O 
CORES DEIN, ERIC MMAIA She 


ail 


ICR O MFM AC ZCLRRMEL TO 
So Zickler©) (x Bombardia lunata G, |ARSic 
RR ITo RAP O BEMERCK> CloS 
LéLixi, Driver & Wheeler‘2) ({Glomerella 
cingulata DREARY y Vip T, F 
OFTEN GE HIM ESE Ne ¢ 
LC) DMF eA ME RETSOLEATCW So 

SEB(LT ANY AL Neurospora crassa DH: 
PEGASO FRA RMICAMIC EAL, FOR 
Ar PRs HOHE ME HAR Ze DDG ITE UCB ROE 
EAR CHEETA D 5 SAI HEL TT 
Bite) < bNAMCHSESLRAROCH 
CD AGETOWT, 1) HARIGRO Hh Rid BA 
— AGRO MRO EMS Are b Ow, WIK LGF 
eC 2) TEROMRIL, FRAIL O Y OFAC 
BOICTEAT Sd, CHIT SRORRL TE 
SNR, SORRECOCMETSo 


#@ A FH RK 


Z7RSRBRIC FO TPES, SSE RELIC WR 
(RAE Lt: Neurospora crassa HAHIO 4A (+5, 
DEARELS) Rit 8a (-R, DRaRe 
LS) Ris CEABE OIC 9 EITC SIAR | 
WOT, dP LCFRNEMOA BN | 
SbOChS, KRCAVHTMMO RMU, | 
«EF 100ml =tVUye4v—- FIABIRA | 
Bil PH6 ICBIIE L 7 WeAEVEREE 50 ml %v> 
hh, CIUCIMENIF QHAAIIROBAICILAR 
IVI ae, M-RMMOMAICIT A WMS a 


* PKR EME RH wees Botanical Laboratory, Dairy Section, Obihiro Zoo Technical 


College, Obihiro, Japan. 


370 fh mM F HE 


Ke WA KIC HS LEO) BIR ARE ee 
FAL 26°C mSSS (SUR FSIC 72 BSR eee L 
CERBALRV RR. Hiei ROR DIC 
TFET A AK 1) PIR T ye aS 
5g, WRT yvt=a7Alg, VYBB—-AVV.A 
lg, Gie~Parvvsn 0.58, Hibrrhyys 
O.lg, (bar 79740.1g, » ah 15g, th 
BHR Ete 4 0CHS. 

FRAT MREIL BBE 4 fev» 10m) BR 
HeFEEORMC, bide CoRR lml x, 
HRA CILVRIROLE 0 IC FERRED ES 26°C WAS 
ISYRFRIC 72 BSIRMRo Cosi cee 1ml 


JAB HIIC ATM YE 
MLA & ¥ OFM wae 


Fig. 1. 


s, | » 
Fig. 3. A,a i AlROWS 


a 69 4 8 819 & 


Haq 31 42 9 A 


AYEML, EMLLESOK, AKL ae eer 
C 26°C RESStSIRPAIT 15 HIS 20 ARo RE 
PD SHEMFBRERMLAYD ELD, KEDLO 
TACK CHM 


if R 


ESFES ULE YRM LGA DOBRO AM LORF 
BEAR LBRO BHO < GC, ARIM 
YRId aii kL > 4A, MARR 
DIGESTIBLE L, BRI 
tBAAKlIRMOXILHRCES (P=0.01). 
MDRGAIREMOGSARL AM Cho kK 


Fig. 2. a Kilgqnies 


Fig. 4. FSA Fey ese 


TEBE YR MOMS 
H1F WARM MMMEIMIC k Save 
MME 1 2 3 4 5 | @& #/|2 Bl P 
A, ax CRA SRIR) | 84 130 128 135 102 579 116 0. 01 
A XR (St RRR) 93 95 85 719 108 460 92 | 0.3~0.2 
aK ¢ ” ) 14 12 18 35 52 131 26 | 0.3~0.2 
xT rey Re 25 ‘ 58 2 8 30 123 25 0.3~0.2 
het spas = Be K ‘ 79 83 67 44 56 329 66 0.01 


September 1956 


REARKU aR -RIGMOMI 10:0, 
SPANO G2, O75, 3,47 6A B05 AO; aor stor Se 
1:9, 0:10 M2 WML SRO 
CMAERERORBERRL KR. CHILAKIEU 
1 a RB RIRIRIC L SFR UE, AK 
a REA RVRIRIT k SEE L OHMIC, A BAIeVIC 
a RRMA E AEA 4 OD WNSH 
Ch So MBM RIEROBSD 406 ce 
RAC A KIRN 0.3 ml a KiSHE 0.7 ml HHI 
ts CHRIKERLKo 

REIKI E OF 7 v OFC 
BFR UAE IT $5 > C HEMEBE SANIT Date B 
fERAAbnSir, B—PERIe RAI MR 
Ua VYS IM OFE KFT EEC HE Le Alb AK 
RU aero x Ie Ci) WARM Gi) ARIE 
We Gii) ame ~* MAR SMOA MABE 
CHERE LC PLFA BRE ONC 7 9 FRR OAT 
FER HIN 7 Teo & UT (see eee Im YR 
MOF RAZA FALSE Alot Ci) “Gls 
PLF AG OAT SRF 7 EF 7 Y Ma 
(LCF. Gi) Cika Kz Gi) CGARLE 


MLRGROAM OER MEMOMIGEMOBEO 


Ae (i) ETAURRTE PEF ARATE Shri WHR GIZU> 
FNOGE 6 MF MBMWLA ND Ko oN 
DEE RIPE T te Mh BIZ DUE ED ATEN O HN 
CLOGRENSCLERATELOLBLSNS, 


B B 


AES SUIT 38 \ CPE CEA RO STI 


DeFeet rERs & UC lk Dodge 23 Neurospora 
sitophila %FI\>C COM PEM ESING, BOOHER! 
ESTADO ALTER LF ts BOC SDE DD 
LEADCWS2, BEN RIC Ks CWS, 


Bot. Mag. Tokyo. 


Vol. 69, No. 819 371 


B28 WAR Dee IOUT AR TO 
PrP HOLA kL S BMF aM 


x 1 ye OR HDC PEF Bt 
A, ak Qha Kiki 406 
AX1ml aX Omi 330 
0.9 0.1 365 
A 0.8 0.2 338 
as 0.7 0.3 207 
ak 
1 0.6 0.4 168 
ic 0.5 0.5 " 196 
a 
" 0.4 0.6 133 
Dt 0.3 0.7 113 
0.2 -0.8 
YB : ‘ 
& 0.1 0.9 — 229 
- 
- 0 1 287 
& ar 2365 
ie ce 237 


SER ORNS LUT, HORIRIL ISR ESRC MER 
TEV EI CT ERIR LF 7 V OIE 
7 ONIERWR Lig to HEMEL SABA S 
eS ESWC UCAS RBA IT 


EDS FOF ALI Sh S DUE TEED 


URC UCHHIRIRD $ DO, HARROD LO, Ty 
EATRED EOD, BICABRMOLO, tmx rw 


B53 se BA PEA A BAT A PEE IC BR DRG OMT ar EO BR 


ete 

= A 7 a 7 
de 5 Dd We Ui SS 
A, ak ChSKIE® i + a Bm ph F OE me 
A KK (C# Aiki WIRE MET i F 35 Bm 
am ¢ ” ) ti FB eT eA 
xy FR PEF BIRO FT Fee yt 


872 fii my F RE BG 


& OF RIEL OBIT Le LANE 6NS 
(AIK) OC, M—-PEMETMICIT 4, 34-7 
OUFRECROEG, BVO MIK Lb AE 
tAtL#X bn, BTO< Dodge OHA, 1 
PEE WRVR AE ONT FS ATER OFS ESE FAD 
LEWVADCLSDZEWMDLEBG A Bo 

HEREPE SNCS T SOE O SHEA T SH 
#5 LUCINRA INIA AIRIRIE ¢ NEE 
BSIZRUIC AIC PERAT OCB 1). CIVIL 3K 
ACR UR RRIC FRIED HO BOE BAEK 
FRROC ZEW 5 CLE, MARCHE 
M RINK? SE RES LEDBAMT RIS 
nt, WAKIRRMOBAKR << bX cHSrt 
DP DUBS RIO MRL MRM DD HA 
Sh, FULCTHKMOBRC L SPER 
Dildos RMRCHSE¢EBXbON}Ad BMRA 
MWC EHSAB, Raper 2 Achlya Cffo rR 
CULM EIA DSELETF ST WV SE BD 
WO toh as IPRR Ee BRT DS EW 5 BOT 
DOM—RIGMAKAIC EO fee HRSSE 
SIU, B—-RMRTIEBG LEMAK FORMA 
SNZEBCHOBM, 52 KRICLSDIM RRR 
GIZA CEN. MRAIOBKRE UtH2bH 
24 OlINFPBVA-YACHSA, Driver & 


se 69 4 #5 819 & 


wn 31 9 A 


U Wheeler 2%(2) (& Glomerella cingulata DFA 
Ze AS PER WE OLS TENURED TARE LF oo ZI 
AMCHACERATWSA, AREHIKF ie 
BILAL (karyogamy) AYRBIC Isc SHA 
MSN ABER ho CHS ENR 
DEVEL ICT SANA L TIL UD 
CUFEERICADCHACLERAT, BMG 
L ZED ROAEN & FAA b AA ICH 
FZABRER BD TWD 6 WOT RMEIED BH 
GHEE SMI OES OL FICS ZLPMSH 
ZRRELS (AFP RVAY) OWMLTOFR 
ATRADBBELENSZELIC EDS OBA 
PAB DN eAD 6 MMM Br Do 

FRCBIC SS 1 ROME UIT SS 2 RICA LERIC MR 
TOA RICILEDALHNA MBDB2RITASD 
RIC M—HIEROREMAICD 2 EGE ARSNS 
RAS A Higue 0.3 ml a Rigwe-Elk 0.7 ml fff 
WECRERAR LEC LD bE -HERMMKOM RI 
MMBHSDC LO PMASNS|AM, CHritheHeeawy 
DATES ONE & BBE LC RRR SS  & tee 
HN 

KOI DEBAPEEF SC dt 0 MB eH 
& BC RCE Be WO Pe KES A SS 
Fis SMRRRT RE CHS— 


Résumé 


Effect of filtrate of culture medium containing mycelia of Neurospora crassa on 
the perithecial formation has been studied. The filtrate of medium containing 
mycelia of a single sexual strain of either mating types was less effective compared 
with ‘that of medium containing mycelia of both mating types in stimulating the 
perithecial formation. The effect of the mixed culture filtrate surpasses the additive 
effect of two single culture filtrates of each mating type. This seems to indicate 
the presence of cooperative unknown other factor. In fact, the single culture filtrate 
of one mating type stimulates the formation of perithecia on mycelia of the opposite 
mating type; these perithecia, however, have failed to produce asci and ascospores. 
Consequently, it may be concluded that the formation of perithecia on the haploid 
vegetative thallus of one mating type are stimulated by diffusible substance secreted 


by mycelia of the opposite mating type, quite irrespective of the sexual fusion of 
' nuclei of both mating types. 
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(EP KAT SHAUL AAR 187 
CG RB A Get BLS HRE) B 
G2F RRS (bER Oa), C GE aiATasE 
) KU D (EFI) © 4 aR 
Bir WTNH EAR E BRD L OCHS, 
— Ha TIL AAIAL D4 BU < Oplek tte bo WM 
VW < DHABI S NRA Fd MILO E 
JI 176 CHO, —RBMOR ED) 0 Kb 
HEB HLM CHEBCh OC, RiCHbh 
RAMA tlt BNE CIEIC PROF SHIH L 
(TFDORRE AD LOMb IR. ASHE 
12 HETICR SABIE XAT Cb, 14 A 
TOUR ES SD AEE IC 35 VC RP UREBIIT RNY CHES 
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OT, CREME, ChebO 
CREOLE CH SD AINMURILIKT Licg EO 
Beli A PEOWSE eFC, fal CARE AE 
CAPA AD BATE Ste, BM AILPEMES Hire 
FUT RIBRIS RAHA CRAICH DN, LOMA, 
= C, D SEALBRERSS, 15 ABIL B Bz: 
HL. 

CORS( bed, ACMA, FLULTH, Sith, 
FART, MEEHSO DDG ADBMeKS ¥ 
RIGA DAA tt SHAS RMOMEIC LABOR 
Bisa 5th. KROWEAALA—- xr, B 
BAC BZRKOWMELEAZZTEMBCEHEOL, KX 
BORALL CES NAL BOW x O4s 
EeCh6DLSCREEWA, WHAORRSKO 


BRS BN OWCHACER Bi t+SLOCH 


Do 
BAS (7 ALL BTROREE, JEM 
Ne aegis) 
Hie WER % Cc 10%), SE, we 
, wars %, 


IRB ROREB IODC ROBB OHS Ys 
LOU AAmATbNie KABE HESAORM, 
SRE, RHOBM - Ries, WOVRAS 
DEs MALhK ZAMS —MMSRAME 
‘@, SRE - SH, MEOKRM. inis, MiB 
BNOBMAFLIZ 1 ffi 200 FICAH Se, 

WG, ROGAN n is k OREAFTbN 
Keo 

C1) SAI MAB OLE, AMIE 3 A 3 ASHIK 
Cb TEV Pe," HESS + HSE » MERE ARV 
FA RATT S st RET SRREBAI 
HUTS 

_Q) AlyZ 75 JAR; REHOME. BISZ 75 JalFac 
AR RE RAR CHT 5 o KRBRC DAA 
HEL, BY, BADB’RPbAye-YREG 
\o, dma iT 50 Ek, GE, Hal, Se 
(ES AOHELTI. 
ints; CO(Sd», FRSC UC HERS | C8 
46 4M), BAS, MAFHIEEO MKD Hee 
SHEA, WTNEMAORDbSMECHhSECE 
Did birico ere, SROME A EMILE EY 
ICAMMEICIBERT Zo LIOR. 

3) FRRAZWITOM. HAM 314: 12 A 
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31 ABE CRAG I et L, eR 1 AS fe 
CHEFS. COBMCc(t 31 HPAES 1H 
his SORA EES 
4) SE + PRABBOM, LBOZ WEAK 
ARIEL LU CHME2 A RICHEY TH 
(5) SHRMAHEBO, 
A. KUARRAS : MR, CREA, WB 
—, Bai, ARB 
B. AAS NARS 4 PRAMS : MB 
TT o 
C. SRST ERAS RAS SD Bes 
RBA RES: RES, SHIEK, UBZ 
FOllo 
D. f£ A AiSe Mie AIOE : PES, “eM ZEKE, 
DEOHRERRE LK. CD45, BIsBsH 
ANC LOCH SKS ORBAN RAS 
HEF CED CR HOOG, MEMSAHSNAD 
ES PrRRABBRCALMSOLchok, ¥ 
FEC (LSC > 5 HEE & RIL << SA BAMEIC 
LOC2ZBDERLIZAOLELBDSSRH, — 
WMO C 3 BRAS Cis CC LICL 
Veo 


® & (TAI ASH 1ORS, ALAS 

Kai) 

IRMAROBROB, SRAADL LICROM 
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pee renee GRE, Fe 
A: 3A -sieih, eet, mifEZsA: 4 ASD). 

(2) WER ADAMS (HRI 31 46 A308 
Sife: 11244, 56 BBSA 7. BUSA 26, 
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3) SARBMHOMA CRA 30 4 10 A 1 AWG 
Fl314E6 30H: FEC 5, A 15, PRY 37, 
A 120, 225 |h900 63). 
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fa: FY VS2EH 82, 5626 78, EI PISZEE 39, FRR 39, 
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ACHHSZEH 1, F8x6 3, PRIN BE 209), 

(5) HAAN 30 ERRRILOBYS CIA 30 4E 4 
12.4: 2 ASB). 

(6) BRAS] SARE NTAAIR TL OMUG Js k U GOR 
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378 fi = RE we 
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WSMdDSRAKET 30 
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YVYRYY AIC LC Off 4 OPA SH, 
ERAN DIKS 

BAR yy RIV ADOPT SIH 
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+. BR. 72 700 ~ 700 
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ED ol 4& 75,281 20,000 95,281 
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5 le ® FASTER HERO s 7 a SBS 
SIKH OED 0, BRB 250 RH, 4 ee 
SRT, BORE CHO, 


Ba Ras eS 

TARE 

7H 12 F, 17 Lo 70 ZoBmMeBc 
RERUNS SBA 72, 17 BEL DO 18 BEE, AL 
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BROS), IGE (ASD OMIA Sink. 
RAGED HUE ICR SEMA 
(2D CIR CHS SF FEM bORBEL 
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Ct, WABI ED "Ny + PERE, (CH 7-—% 
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DICPUAIT DAY De FRHAO HICH Lo 
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fe, ~H OR URANAZCLABRED, RI 
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MORELOS O. 2) FPR OG 
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KSA OGMEMRAM SRE, IRR ROR 
BARREN. MH LBSECCASEPOK 
A, SRARICRA TNS CHSC LAYER 
Sua hae 

ss 4 MA AHS 

‘7 #A12 A, 15 Be~21es, FLbErdk 3 SADE 7 
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WUTCILA RPL AIMED 5 33 % bb OSB 
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AYAacSs (Kuk <¢ FTP OAR AA A RICAN SSH 
CHS. MARRMFAREFHMDTAASH 
RUKH RKASHIC IC LIROMS SE eB 
FEFSZr ERO YO, SFR OSBAIALA 
Ee PALF BBY C 2D 0 

HMR mS 

7 Ao12 A, 18 Re~21 He 80 4, TEARS 
CEI Co SEE OSH 59 Bo AUR GLKRO 
Mucorales, Piptocaphalidaceae (ZR 4 EiICO 
VC OBER ARIE ONE FER MER RO 7B 
TROPMRKROC, CET AAR RAL e BIE 
Lil A Of LV AACE T 4 RS OD B 
KEINE OBAAICAS. © OIF SRORRSE 
CBS LEASE. KOC AROMFEROBCEH 
AWM RBSSLEOAMNO 1 ARS LR 36mm 
PUR IEOICIALEEORT GRICIEAR is 
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4 2 BS 

7 A 12 AF 6 RF 30 2 ~9 RE AEA 
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DOBRA HIA Re REICHEL 
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RCo Rb STH ADAMI HR ARCS RF 
(TIEMIC 5 NLS Ko RES SABO OMIT 
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ADE GLBRTRAROIERHE) 138 4, 
7A14A 14.30 SRAKTE 3 Bor 
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7 A 1S A 9.00 FL PRERATIE OEP -s ~ CBR 
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A AMBRE, RIV O OT 4 IoD AF RAT 
REA EFABRBRAHEAMSO, 14 
30 SRAM ICE HE RES AZRAIGU CHER 
FEET. WIRE. FORE ERAT IC 
FObSNKOGDRT Tv FRINGCOAYD 
to MAME LCRA A, AY 
AVA ULC 11.00 Waa ICE, Bee 
HE CIF GIB) © FRPK UDA Ze LAE, RU CH 
OATES & PEM ZAGAT ZLB o Wks, FOS 
TRICKED 5 BHNOMBOE, BRED HELA 
DD 18.00 fi, TEM OBMO h wii_ LE 
MLAS. PH BOR bo, —MMAEB 
A, RED SRLS BAMED CT H_ESSE C) A 
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BRt UCABITS ORL MKAAA OM Cc 
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FOWL BR o-AY ey +-lieSo KR 
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HA. BE OMAR eK TARA LA kT 
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DICIT— TABI ATH A, BV XAT EAVE 
MOC 2A KY FOMMILSREOK, FE 
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~ (19.00), 
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September 1956 


GC, BOLERO 27 CAMBAS 16.00, 2 
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PSICH A OS Z HIB OAD SAV bh SEIT HB IT 
LAD. WPMD CEHOMMASS, KBAR 
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: 7 AION: Bice AENnKRABeEK, F 
4—C CR, ROOM CHAN, Bey 
BEPR FLD = A VICHODA KR 5 DOOR 
SB, =e aBbES ACFE AIM} o ALE 
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Professor Yudzuru Ogura and his Works 


by Shunji WATARI* 
BBR R*: 7 Aahee ds & Se 


On June 26, 1955, Professor Yudzuru Ogura celebrated his sixtieth birthday and 
retired on March 31, 1956, after his nearly fourty years of long sincere and meri- 
torious service to the University of Tokyo. For his lucid contributions, the Univer- 
sity appointed him to emeritus professor, the Botanical Society of Japan dicided to 
honour him by the issue of this special number, and his direct associates and inti- 
mate acquaintances had a commemorative assembly on an evening in April. 

Prof. Ogura was born in 1895 at Sendai City, passed there his childhood and 
youth, and educated at the Second Highschool. In 1916, he entered the College of 
Science, Imperial University of Tokyo and studied at the Botanical Institute. In 
the final course, he specialized in plant morphology under the direction of Prof. 
Kenjiro Fujii. Immediately after graduating from the University in 1919, he was 
appointed as lecturer of the University, received the degree of Doctor of Science in 
1927, promoted to assistant professor in the same year, and, in 1938, to professor, a 
position which he was continued to occupy until his retirement. 

In Feb. 1928 he started for Europe as a researcher sent from the Department of 
Education. After staying for several months at the British Museum, London, and 
Botany School, Cambridge, where he was acquainted with Dr. D. H. Scott and Prof. 
A. C. Seward, he went to Munich when Prof. Karl von Goebel was the Director of 
the Botanical Institute, and returned to Japan via United States in April, 1930. He 
visited Europe again in 1954 and attended the Eighth International Botanical Con- 
gress at Paris as a representative of Japan. 

During these years, he contributed significantly to the University as a councillor 
and as the director of the Botanic Gardens. He is also in service, as a commettee or 
councillor, to the Department of Education, the Science Council of Japan, the Natu- 
ral Science Museum, and other organizations. To the Botanical Society of Japan, 
he devoted especially for long years as a general secretary and councillor, and. in 
the last ten years (1946-1955) he was continuously elected President. In every 
occasion, Prof. Ogura’s attainment, sound judgement, unselfishness, and ardent service 
commanded the respect of all who came in contact with him. 


Contributions to the morphology and anatomy of pteridophytes. 


Immediately after the publishment of his earliest work on the growth in thick- 
ness of trees (1920), Prof. Ogura turned into the investigation on the pteridophytes, 
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commencing from an extensive historical review on their general structure (1921b). 
His first contribution in this field is “Gaps of stele in Polypodiaceae” (1921a) based 
upon more than thirty species of the family. His conclusion on the difference 
between the dictyostely and solenostely in this family is that it is irrespective of the 
length of the internode but chiefly owes to the length of gaps in the respective species. 

In the meantime, his attention on many serious disagreements in the anatomy 
of the tree-ferns held by previous investigators led Prof. Ogura into his extensive 
studies on Japanese species of Cyathea, Alsophila, and Cibotium (1925 a-c, 1926 a-d), 
and also on a polypodiaceaous tree-fern Diplazium esculentum (1927 a). On the ° 
basis of these studies together with some additional observations he worked out a 
voluminous paper entitled “Comparative anatomy of the Japanese Cyatheaceae” by 
which he was granted a degree of Doctor of Science (1927b). Among various 
features here described or discussed, a special importance seems to lie in an admi- 
rable explanation on the complicated stelar system of the stem which is mostly 
associated with the medullary bundles and also frequently with the cortical ones as 
well as of the petiole. He traced the origin of medullary bundles in young plants 
and found that they arised independently in the pith, but in the rare cases of the 
young form, they appeared from the innerside of the stele, suggesting that they 
might be derived from those of the polycyclic stele. He proposed here the names 
“Cyathean dictyostele” and “ Alsophilan dictyostele”, the latter differing from the 
former in the presence of cortical bundles which originate independently in the 
cortex. He further pointed out that the important structural features by which 
tribes of the family, i.e. Thyrsopterideae, Dicksoniae, and Cyatheae can be dis- 
tinguished, are the types of stelar system in the stem, absence or presence of the 
sclerenchymatous sheath around the stele, and the characteristic arrangement of 
petiolar bundles. 

On the way of his return to Japan from Europe, Prof. Ogura had an opportunity 
at Glenwood of the Island of Hawaii to collect three species of Cibotium, C. Chamis- 
soi, C. Menziesii and a new species C. hawaiense Nakai et Ogura. He found (1930 
b) that features of these species, especially an absence of the sclerenchymatous 
sheath around the dictyostele, are quite identical with the case of a well-known 
species with the creeping habit, C. Bavometz, and he, hence, established a new tribe 
Cibotieae which stands very closely with the tribe Dicksonieae to which this genus 
had formerly been placed. 

During his stay in Munich, 1929, Prof. Ogura studied the morphological and 
anatomical studies of Polypodium in a wider sense based on the specimen of the 
Munich University, and its results were published in 1935. Here he described in 
detail the structure of hairs of the petioles, nerves and sporangia, and discussed 
the variablity of the genus. He added further two important papers. In a detailed 
study on the external and internal features of Oleandra Wallichit and other several 
species (1938 b), he concluded. that the root-like organ which springs out of the 
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stem exogenously is to be understood as “rhizophore”, and that the genus should 
be placed in an isolate phyletic position, an independent family, Oleandraceae. In 
another paper (1939), on the basis of a particular vascular course, especially of the 
medullary bundles, he established Acrostichum-type based on Acrostichum speciosum, 
which is slightly different from the Cyathean-type. 

Building upon his own studies and on the basis of an accumulation of vast 
knowledge on the pteridophytes, he published in 1938, his comprehensive work 
“ Anatomie der Vegetationsorgane der Pteridophyten” as a part of “ Handbuch der 
Pflanzenanatomie”. Here he established firmly his excellent stelar theory and 
published many precious conceptions, together with detailed descriptions: on living 
and fossil members. To his great contributions to the anatomical works on pteri- 
dophytes, the Japan Academy honoured him, in 1946, with the bestowal of the Japan 
Academy Prize. 


Contributions to the palaeobotany. 


Since an account of the Cretaceous plants from Hokkaido was published by 
Stopes and Fujii in the Philosophical Transactions of the Royal Society of London 
(1910), more than fifteen years have elapsed without any noteworthy works on the 
petrified fossils, until Prof. Ogura published successively his papers since 1927. His 
work in this field was commenced from a study on the Mesozoic tree-ferns from 
Japan and Korea (1927c), wherein he proposed three new species, i.e. Cyathocaulis 
naktongensis, Cibotiocaulis Tateiwae, and Cyathorachis Fujiiana, the latter being 
the very finely preserved petiole. The former two show the Cyathean-type of the 
dictyostely but differ from each other in the feature of the leaf-scar as well as in 
the arrangement of leaf traces. He studied many further specimens obtained by 
himself at Korea (1941a) and several important features have been ascertained or 
added. to these species. He pointed out here that the best feature in distinguishing 
these two species and C. Yabez (1941) from the Tertiary of Mindoro, Philippine Is., 
lies in the structure of medullary meristeles and their sclerenchymatous sheath. 
From these studies, he came to the conclusion that the differences between Cyatho- 
caulis and Cibotiocaulis are too small to place them in different genera and united 
the latter to Cyathocaulis. He also described two fossils related to the Cyatheaceae, 
i.e., Protocyathea Tokunagai (1931) and Cibotium iwatense (1933) from the Upper 
Cretaceous of Japan, the latter being similar in the absence of medullary meristeles 
and of the sclerenchymatous sheath around the vascular bundles (cf. 1930 b). 

In 1928, Prof. Ogura spent many days at the British Museum for the examina- 
tion of sections collected by Prof. Fujii and himself from the Cretaceous of Hokkaido. 
As soon as he returned to Japan, he published a paper (1930 a) in which he proposed 
Yezopteris polycycloides, a fern stem which is very close to the Cyatheacéae, 
Solenosteleopteris loxsomoides resembling Loxsoma of the Davalliae, a cycadean 
petiole Cycadeoidea petiolata, and a small and slender cycadean shoot Cycadeoidella 
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japonica. Also he emended here Stopes and Fujii’s description on Cunninghamio- 
stvobus basing upon two new specimens. This work was soon followed by the 
second contribution (1932a) which owes largely to the specimens obtained by him- 
self in his two visits to Hokkaido during 1930 and 1931. Here he added Cycadangium 
compactum representing a new type of the cycadean microsporophyll, Stachycarpites 
projectus on the basis of seeds having an affinity to Podocarpus, especially to Stachy- 
carpus, Piceophyllum simplex a leaf close to Picea or Lavix, a three-leaved pine 
Pinus flabellifolia, a five-leaved pine Pinus pseudostrobifolia, Sciadopytis cretacea 
closely resembling to our living umbrella pine, and Yubaria invaginata which is a 
dicotyledonous petiole with uncertain affinity. 

In the same year, Prof. Ogura described an extinct evergreen oak, Quercininm 
hobashiraishi (1932b) by studying a huge silicified trunk, a famous natural monu- 
ment “hobashiraishi” lying on the beach at Najima near Fukuoka City. It is to be 
remembered as the first sure record of the dicotyledonous wood from the Tertiary 
of Japan. He also found at the same place another noteworthy species, Phyllanthi- 
nium pseudohobashiraishi, an euphorbiaceous wood resembling especially to Bishoffia 
(1932c). His third dicotyledonous wood Castanopsis Makinoi was published in 1949. 

In the later year (1944), Prof. Ogura proposed five new species of coniferous 
woods, i.e. two Avaucarioxylons, A. kitense and A. jeholense, Taxodioxylon compres- 
sum, Cedroxylon simplex, and Pinuxylon microporosum. Also he added here a 
noteworthy knowledge to Xenoxylon latiporosum, a gymnospermous wood with a 
doubtful affinity, as well as a summarized information on Japanese Taxodioxylon. 
Although his interest on Xenoxylon latiporosum was shown already as early as 1931 
when he briefly noted its occurrence from Korea, he described first in this account 
his careful observation on the thin-walled septa in the lumen of tracheids which are 
tyloses of tracheids derived from the adjacent ray cells. Several years later, nume- 
rous examples including a considerable number of erect stumps of this species were 
found from the Jurassic of Isikawa Prefecture, Japan (1951). He succeeded to observe 
the structure of a fairly well-preserved pith in one of them, on which he communica- 
ted at the Eighth International Botanical Congress held at Paris in 1954. Though 
the report in detail is not yet published, it is to be remarked here that the pith of 
Xenoxylon should be regarded as an ordinary coniferous type in its structure. 

He studied also a large silicified stem base covered with crowded roots, sitting 
as ornament in the famous Kenroku park at Kanazawa City. Although its exact 
origin was uncertain, he identified it as a new species of Palmoxylon, P. Maedae, 
belonging to Stenzel’s Cordata group of the Corypha type (1952a). Soon after, how- 
ever, he found another closely related species, P. kagaense (1955b), among the 
gravels at a river-bed of the same district. It was probably derived from a green- 
tuff of the Miocene, and the finding of this species is particularly important since 


it immediately suggests, as he himself thought, a possible occurrence of P. Maedae 
at a certain locality of the same district. 
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On the other hand, the sole but very important contribution on the Palaeozoic 
fossil was published in 1948, in proposing a new name Pecopteris samaropsis, a seed- 
bearing Pteridosperm, from the Upper Permian of Penhisu coal fields, Manchuria. 
It was described on the basis of an excellent specimen with organic connection of 
frond and seed which have been known until that time as Pecopteris arborescens 
and Samaropsis affinis respectively. 


Contributions to the morphology and anatomy of higher plants. 


Prof. Ogura’s earliest work ‘Some observations on the growth in thickness of 
trees” (1920) was carried out under the direction of Prof. Kenjiro Fujii during his 
final course of student (1919-1920). Of the woods of Cryptomeria and other several 
conifers and angiosperms, he measured extensively the width of annual rings and 
dimension of xylem elements in variable ages and heights, and he found several 
important correlations among them, some of them being nearly confirmative of 
Sanio’s law, while his conclusion on the correlation between climatic factors, espe- 
cially the amount of precipitation and the growth in thickness is rather negative. 

After a fairly long interval during years when Prof. Ogura was busy in the 
study on the pteridophytes and Mesozoic fossils, he contributed again many impor- 
tant works in this field. In a paper dealt with several species of Blahdia (1937 b), 
he reported a new type of the branch abscission in B. Sieboldii and other species 
whose base of branch is especially widened, and when they disarticulate from the 
stem there leave large scars, on whose periphery vascular bundles are loosely 
arranged. On the basis of observations on the mangrove plants during his visit to 
the Micronesian Islands in summer of 1939, Prof. Ogura described (1940, 1942) 
two new tpyes of the aerial roots, “standing roots” (Urandia ammui and Glochidion 
hongkongenense) and “curving roots” (Horsfieldia amklaal). The first type resem- 
bles erect roots but differs in essentially similar structure with subterranean roots, 
and the second type is comparable with curved-knee roots but differs in the simpler 
shape and in the absence of abnormal thickenings. In his study on the branching 
habit in the genus Phyllanthus (1943), he showed that Ph. Matsumurae represents 
the simplest type in which only a kind of branch is present, whereas are seen two 
types of branches, i.e. long and short ones, in Ph. Urinaria and Ph. flexuosus, the 
latter differing from the former in more acceralated difference between both branch 
types. 

During these years, Prof. Ogura also accomplished an extensive study on the 
dimension of bast fibers (1940 b), in enlisting more than 350 species including some 
pteridophytes and gymnosperms as well as many dicotyledons and monocotyledons. 
In an observation on the formation of root tubers in Ipomoea Batatus (1945), he 
showed that the tubers are formed from the normal roots by the abnormal thicken- 
ing due to the activity of cambia around the vessels. 

Another series of interesting works published in recent years is observations 
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in the morphology and anatomy of subterranean organ of some monocotyledons. 
In a study on the Liliaceae (1952b,c) Prof. Ogura was especially aware of Erythro- 
nium japonicum whose club-shaped subterranean organ is provided with a curious 
appendage consisting of a certain number of segments. In going carefull compari- 
sons with some allied genera such as Tulipa, Gagea and Lloydia, he came to a 
recognition that the club-shaped organ in Evythronium is a bulb caused by the 
fusion of two or three sheaths and its basal part is bulged out annually as a small 
segment, which remains as the peculiar appendage. He also studied Allium monan- 
thum (1955) whose bulb consists of a few enclosed scale and includes usually one 
adventitious bulblet. Here he showed that the bulblet concerns in a peculiar way 
to the vegetative propagation, that is, it germinates in the next spring into a long 
stolon whose tip contains, at the base of leaf, usually two bulblets and one of them, 
the adventitious one, repeats the formation of stolon in the subsequent spring. 

In another work (1953), Prof. Ogura treated many species of the Ophyrydinae 
of the Orchidaceae. In every plants, besides normal roots, there are one or two 
special subterranean organs which are provided with a bud in its certain part. On 
the basis of a precise anatomical study he recognized that the proximal portion is 
a combined system of a central cauline axis and peripheral root traces, while the 
distal portion is a combined system of some roots. He concluded that the proximal 
portion may be considered as a rhizophore which carries the distal portion of a 
radical character. 
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Some Thoughts on the Structure of Bamboo Leaves 


by C. R. METCALFE* 


Received June 18, 1956 
1. Introduction 


In the course of a general survey of the comparative anatomy of the vegetative 
organs of the Monocotyledons, which is now in progress at the Jodrell Laboratory, 
at Kew, I have devoted considerable attention to the Gramineae. It is becoming 
increasingly recognized by students of grass taxonomy that certain microscopical 
characters visible in the leaf epidermis, and in transverse sections through the lamina, 
are of considerable importance in the basic classification of the Gramineae. Other 
microscopical characters of the vegetative organs are also valuable if used judiciously, 
for identifying species when the genus has already been established by traditional 
macroscopical characters. This has been fully confirmed by the work at Kew, and 
indeed, taking a broad view of the Gramineae, it can be seen that there is an 
anatomical pattern which roughly corresponds to some of the major groups into 
which the grasses are divided for purposes of classification. 

Although much attention has now been devoted by various authors, to a wide 
range of grasses, it is a notable fact that comparatively little attention has been 
devoted to the bamboos, although some very useful contributions have been made. 
Thus we have the detailed work of Ohki (3, 4) on the spodograms of the leaves 
of the Bambusaceae, in which the epidermal characters of a number of species of 
some 10 genera have been described. At a much earlier date there was the work 
by Brandis (1), whose paper has become a classic, and, more recently Prat (6) has 
referred to the structure of bamboo leaves as part of his well known contribution 
to the anatomy of the epidermis of grass leaves. Page (5) has reviewed the leaf 
structure of Streptochaeta in relation to that of the bamboos, and certain African 
bomboos have only recently received attention from Jacques-Félix (2). These selec- 
ted references by no means exhaust the bibliography, but they will serve as a back- 
ground for the present discussion. 


2. Transverse section of the lamina 


(i) Structure of the mesophyll. 
It is familiar to most students of grass anatomy that the structure of the as- 
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Similatory tissue in the mesophyll of most panicoid grasses is radiate, in the sense 
that the cells of which it is composed are arranged in a radial manner around each 
of the vascular bundles. In the festucoid grasses no indication of the radiate arrange- 
ment of the mesophyll around the vascular bundles is to be seen. As more and 
more grasses are examined, however, it is found that there is no clear cut line of 
demarcation between these 2 types of mesophyll in grass leaves, since there are 
some in which a vague, or incompletely radiate arrangement of the mesophyll is to 
be seen. Furthermore one can distinguish grasses with relatively short assimilatory 
cells arranged in a very conspicuously radiate manner, e. g. Panicum capillare Linn. 
(Fig. I, 2) from those in which the radiating cells are long, narrow, and often 
form a somewhat spongy part of the mesophyll. This type of structure (Fig. I, 5) 
has been noted particuiarly in certain species of Isachne and allied genera, and it 
may for convenience be termed the Jsachne type of mesophyll. Melica uniflora 
Retz. (Fig. 1, 1) affords a good example of a grass with the non-radiate type of 
mesophyll. For our present purpose it should be noted that the Bambuseae, so far 
as | am aware without exception, exhibit the non-radiate arrangement of the 
mesophyll. 


Fig. I. 1. Melica uniflora. T.S. lamina with festucoid mesophyll, the chlorenchyma (Ch.) 
not being arranged radiately around the vascular bundles. x 220. 

2. Panicum capillare. T. S. lamina with panicoid mesophyll, the chlorenchyma being ar- 
ranged radiately around the vascular bundles. x.220. 

3. Arundinaria auricoma. TV. S. lamina showing the type of mesophyll characteristic 
of bamboos, with chlorenchyma composed of arm-cells (A. C.) and translucent fusoid cells 
CEC.)" x 220: 

4. Dinochloa m'clellandii. a, b, e & f fusoid cells from a-macerated leaf lying on their 
sides, i.e. more or less as they appear in transverse sections of the leaf at right angles to 
its long axis. c & d fusoid cells, from a macerated leaf, standing on their edges, i. e. as they 
would appear in a paradermal section. x 220. 

5. Isachne kunthiana. T.S. of asmall portion of the lamina passing through a vascular 
bundle, showing the chlorenchyma arranged in a more or less radiating manner around the 
vascular bundle. The assimilatory cells are often narrower and more elongated than those 
shown in the figure. This type of mesophyll, which is very spongy, and of which it is difficult 
to prepare sections, is highly characteristic of Isachne and allied genera. x 300. 

6. Avrundinaria auricoma. Reconstruction of a fusoid cell as seen in a T.S. of the lamina 
parallel to the long axis of the leaf. These cells always appear to have contracted, so that 
the narrow lumen L is often invisible or is seen as a single line. The wider portion of the 
lumen at either end of the cell (L ,) can sometimes be seen more clearly. The collapsed 
condition of the fusoid cells has led to difficulty in interpreting their structure. 

7. Arundinaria auricoma. Lamina parallel to the long axis of the leaf, showing long 

cells (L.C.) alternating with short cells, of the adaxial epidermis ; chlorenchyma composed 
of arm-cells (A.C.); a single row of fusoid cells (F.C.), separated from one another by inter- 
cellular spaces (in. sp.). Two dumb-bell shaped silica bodies (S.B.) are to be seen in the 
abaxial epidermis (Ab.E.). x 220. 
Ab.E., abaxial epidermis. A.C., arm-cells. Ad.E., adaxial epidermis, B.C., bulliform cells. Ch. 
chlorenchyma. F.C., fusoid cells. H.B., base of hair. LS., inner bundle sheath. in. sp., intercellu- 
lar space. L, lumen of cell. Ly,wide lumen at end of cell. O.S. outer bundle sheath. ph, phloem. 
S., stoma. S.B., silica body. Scl., sclerenchyma. Xy., xylem. 
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Another important character in the mesophyll of grasses is that the assimilatory 
cells are sometimes provided with thin invaginations of the cell walls extending to 
different depths in the lumina of the cells. Cells of this type can be conveniently 
referred to as arm-cells. This character is of considerable diagnostic value because 
of its restricted occurrence amongst the grasses as a whole, but it is noteworthy 
that arm-cells are especially characteristic of the Oryzeae and Bambuseae. The 
arm-cells of Arundinaria auricoma are to be seen in Fig. I, 3,A.C. There is, 
however, one important respect in which the leaves of most bamboos stand out 
in marked contrast to those of most grasses. I refer to the occurrence of conspicu- 
ous, translucent cells in the mesophyll, where they usually have a somewhat fusiform 
outline when observed in transverse sections of the lamina (Fig. IJ, 3, F.C.). Brandis 
(1) recognized that these structures are cells, and not intercellular spaces as had 
been maintained by certain investigators before his time, although even Brandis 
himself referred to them as “apparent cavities”. Since these cells are usually ex- 
amined in transverse sections of the lamina, where they are approximately fusiform 
in outline, they may be referred to for descriptive purposes as fusoid cells. It 
must be emphasized, however, that the fusoid appearance of the cells is misleading, 
for they have the form of narrow plates that appear to be fusoid only when they 
are viewed from one side, either in macerated material (Fig. I, 4, a,b,e,f,) or in 
transverse sections (Fig. I, 3, A.C.) of the lamina, the long axes of the cells lying 
at right angles to the long axis of the lamina itself. The lumina of these plate-like 
cells (Fig. I, 6, L) are very narrow, and it is often very difficult to see them in 
sections of the leaf parallel with its long axis. Indeed the cells are so thin that 
they could at first sight be mistaken for cell walls. At the ends of the cells that 
respectively lie nearest to the adaxial and abaxial surfaces of the leaf, the lumina 
are slightly wider and more clearly visible (Fig. I, 6, L1 & 7, F.C.). The appearance 
of the cells in paradermal sections of the leaf is shown in Fig. I, 4, c-d. Sections 
parallel to the long axis of the leaf reveal that there are intercellular spaces (Fig. 
I, 7, in. sp.) between adjacent fusoid cells. Although their development has not been 
followed in detail, it seems reasonable to suppose that, when first formed, the fusoid 
cells are in contact with one another, and that they become separated from one another 
and assume their characteristic and unusual shape during the ontogeny of the leaf. 
These facts show conclusively that Brandis (1) was correct when he interpreted 
the translucent areas that are visible in transverse sections of the lamina as cells 
rather than cavities, and in this he has been followed much more recently by Page 
(5), It should, however, be noted that Jacques-Félix (2), writing much more recently 
than Page, refers to the cells as if they were cavities. Fusoid cells are especially 
characteristic of the mesophyll of bamboos as distinct from other grasses, although 
they vary considerably in size in different species and genera. In some bamboos, 


especially in Phyllostachys, they occur sporadically, or are apparently absent. None 
were to be seen in material of Phyllostachys castillonis, P. heterocycla, and P. nigra 
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grown at Kew, although they were found sporadically in P. bambusoides, P. 
reticulata, P. ruscifolia and P. viridi-glaucescens. Fusoid cells were observed in 
representatives of some 20 other genera of bamboos that were examined, and they 
were especially large in Atractocarpa olyraefolia and Puelia ciliata. It should be 
noted that fusoid cells have also been seen at Kew in species of Neurolepis, Olyra, 
Pariana, Pharus, Streptochacta and Streptogyne, a fact which suggests that there 
may be affinities between these genera and the bamboos. Somewhat similar cells, 
which are, however, more nearly sausage-shaped, occur in Leptaspis. 

Gi) Vascular structure of the midrib. 

Transverse sections through the lamina of grasses, taken at a standard level 
about half way between the apex of the lamina and its base, often show a keel or 
midrib in a median position. The midrib varies from being scarcely perceptible to 
very conspicuous in different species, and within each species the appearance of the 
midrib varies according to the exact level at which the section is taken. The number 
of vascular bundles in the midrib varies from 1 to 24 or more, the number of bundles 
being proportional to the area of the transverse section of the midrib. In most 
grasses with large midribs the vascular bundles are arranged in an arc not far from 
the abaxial surface, and the bundles themselves are often very unequal in size, or of 
several distinct sizes. When the midrib is small it generally contains a single median 
vascular bundle. When one turns to certain taxonomic groups of grasses, however, 
the simple arc of bundles is found to be replaced by a more complex vascular 
system. This applies, for example, in certain of the Oryzeae, such as Zizania 
latifolia Turcz., where, in addition to an abaxial arc of bundles, there is a row of 
about 5 bundles just below the flat adaxial surface of the midrib, and a few others 
in a median vertical plane. In this species there are also large intercellular spaces 
in the ground tissue, which are no doubt a specialization related to its aquatic 


environment. 
The midrib of Zizania is interesting because it is in some ways intermediate 


between the midrib structure exhibited by most grasses on the one hand and the 
more complex types characteristic of a large majority of the bamboos. It may be 
noted in passing, however, that Merostachys riedeliana differs from the other bam- 
boos that I have examined in having no well defined midrib, but this would appear 
to be exceptional amongst the bamboos as a whole. The appearance of transverse 
sections of a selection of bamboo midribs cut midway between the apices and 
bases of the lamina is shown in Fig. II, 3-11. In Fig. II lA-1C and 2A~-2B transverse 
sections taken at successively lower levels through single midribs of Dendrocalamus 
brandisii and Shibataea Kumasasa respectively are shown. It is clear from these 
diagrams that although the vascular system of the midrib is more complex towards 
the base than towards the apex of leaf, the fact remains that the midribs of most 
of the bamboos that I have examined have more complex systems of bundles than is 
characteristic of other grasses, and the bundles are supported by comparatively 
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elaborate systems of sclerenchyma. It should be noted, however, that in certain 
bamboos e g. Arundinaria murielae (Fig. 11,5) and Chusquea abietifolia (Fig. I1,6) 
the vascular system is comparatively simple, but the bundles are well supported by 
sclerenchyma. In most of the species, however, it can be seen that the midrib 
bundles consist essentially of an adaxial and an abaxial series, all of the bundles 
being embedded in, or associated with, sclerenchyma. The number of bundles in 
the adaxial and the abaxial series respectively varies from one species to another. 
Furthermore the adaxial and abaxial series are, in some species, embedded in, and 
united by, one more or less continuous mass of sclerenchyma. In other species the 
adaxial and abaxial series of bundles are separated from one another by thin-walled 
ground tissue. Differences of this kind can be used to some extent for specific 
diagnostic purposes. 

It is interesting to note that a few grasses not regarded as members of the 
Bambuseae, exhibit a type of vascular structure in the midrib that recalls that of 
the bamboos. This applies for example to Neurolepis nobilis Pilger and Streptogyne 
gerontogaea Hook. f., whilst similar but less complex types of structure have been 
noted in Olyra latifolius L., Pariana bicolor Tutin, P. campestris Aubl., P. vulgaris 
Tutin and Pharus latifolius L. 

Gii) Bundle sheath. 

It is not possible here to enter into a full discussion of the types of bundle 
sheaths that occur in the bamboos. It must suffice to say that, like previous investi- 
gators, I have found the sheaths always to be double, the cells of the outer sheaths 
being thinner-walled and more parenchymatous than those of the inner sheaths. 
This fact is of interest because the double type of bundle sheath is usually regarded 
as a festucoid character. 


3. Abaxial epidermis 


(i) Short cells and silica bodies. 
As with other grasses, it is necessary when studying the epidermis of bamboos, 


Fig. I]. 1A—1C. Dendrocalamus brandisii. T.S. midrib at 3 successively lower levels to 
show the range of structure in an individual leaf. x 60. 

2A—2B. Shibataea Kumasasa. TiS. midrib at 2 successively lower levels to show the range 
of structure in a single leaf. At a higher level in the leaf than that illustrated in 2A the 
midrib is marked by only a single vascular bundle. 

3—11. T.S. midribs of ‘bamboos cut in the position that was adopted as a standard for 
comparative purposes, i.e. about half way between the apex and base of the lamina. All 


except 10a x 60. 


3. Arthrostylidium capillifolium. 4. Chusquea tenella. 5. Arundinaria — murielae. 
6. Chusquea abietifolia. 7. Atractocarpa olyraefolia. 8. Oxytenanthera abyssinica. 
9. Phyllostachys bambusoides. ‘ : ' eat 

10. Gigantochloa ligulata. . 10A x12. 10B A similar, but not identical; section x 60. 


11. Phyllostachys viridi-glaucescens. 
Solid black, sclerenchyma. Dotted areas, phloem. Vertical lines, xylem. The clusters of large 


cells in the adaxial epidermis are bulliform cells. 
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to distinguish the costal zones above the veins from the intercostal zones between 
them. In the intercostal zones themselves there are longitudinal strips with and without 
stomata respectively, and the epidermis, both above and between the veins, is made 
up of “long” and “short” cells respectively, and dermal appendages of the 
various types that occur in grasses are also present. The short cells of bamboo 
leaves, like those of other grasses, can be divided into those which contain silica 
bodies and those which do not. Short cells between the veins are nearly always 
in pairs, but occasionally solitary, whilst those over the veins may be in pairs, short 
rows along the veins, or in much longer but similar rows. Of the 45 species of 
bamboos belonging to 24 genera that I have examined it has been found that some 
species are characterized by having the short cells that lie over the veins in pairs, 
whilst in the other species they are in rows, and, in a third group of species there 
is a mixture of both types of distribution. Silica bodies above the veins are pre- 
dominently saddle-shaped, and indeed very few of the bamboos that I have examined 
are entirely devoid of saddle-shaped silica bodies. In some bamboos the saddle- 
shaped bodies are tall in a direction that lies transversely to the long axis of the 
leaf. Bodies of this kind could be classified as being of the Oryza type. In some 
species, bodies that are cross-shaped, dumb-bell shaped, or intermediate between 
those 2 types occur over the veins, where, they are sometimes intermixed with silica 
bodies of the dominant saddle-shaped type. In a few species the silica bodies are 
exclusively cross-shaped and dumb-bell shaped. 

Turning now to the short cells between the veins, it may first be noted that 
there are some species from which intercostal short cells are absent. Where 
intercostal short cells containing silica bodies are present, however, it is usual to 
find that, like those over the veins the silica bodies are mostly saddle-shaped, but 
in some bamboos they are tall and narrow, and may be oval, rounded, or crenate 
in outline. 

Gi) Micro-hairs. 

Apart from the short cells and the silica bodies, it can also be seen from enidetmal 
preparations that micro-hairs, i.e. small hairs that are generally 2-celled, are almost 
invariably present on bamboo leaves, although they are sometimes difficult to find. Of 
the 45 species that I have examined there were only 2, Atractocarpa olyraefolia and 
Puelia ciliata, in which micro-hairs were not detected in the available material 
on the abaxial surface of the leaf. The hairs most frequently occur in the inter- 
costal zones in longitudinal strips from which stomata are absent. In a few species 
they occur almost amongst the stomata. Although the sizes, shapes and frequencies 
of the micro-hairs vary from species to species, they are mainly of one basic type 
in which both cells are of more or less equal length, the distal cell being of approxi- 
mately uniform diameter throughout its length, or sometimes tapering slightly 
towards the apex. In some species, however, particularly in Arundinaria, the basal 
cell is appreciably longer than the distal cell. Guaduella oblonga is distinguishable 
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from the other bamboos that I have examined in having micro-hairs of which 
each consists of a long basal cell and a distal part which in uniseriate or partly 
biseriate. The occurrence of micro-hairs in bamboos is of interest because, amongst 
other grasses their presence is regarded as a panicoid character. They appear to 
be of restricted diagnostic value amongst the bamboos themselves. 

Gii) Long cells and papillae. 

The long cells throughout the bamboos are remarkably uniform in type, most 
of them having sinuous walls. Those of the intercostal zones generally have rather 
thinner walls, and usually wider, lumina, than those over the veins. The outer walls 
of the long cells are usually abundantly papillose, the papillae being variable in 
shape and in the extent to which they are cutinized. There are some bamboos in 
which papillae are infrequent. Often, besides the outwardly directed papillae, there 
are others that are bent over the stomata and serve for their protection. The 
number of papillae overarching the stomata in this way varies from species to 
species, and from some species they appear to be absent. Sometimes papillae occur 
around the stomata although they are absent elsewhere on the long cells; in other 
species, although papillae are present, few of them overarch the stomata. Papillae 
are specially abundant on long cells in the intercostal zones, but they sometimes 
occur over the veins as well. Differences in the frequency and distribution of 
papillae on the long cells appear to be of specific diagnostic value, but are of little 
diagnostic value at the genus level. 


4. Taxonomic conclusions 


The anatomical observations recorded in this article represent only a small 
proportion of those which I have made on the structure of bamboos during the past 
few years. They do, however, point to certain conclusions. Firstly it may be noted 
that, in the bamboos, we find a combination of anatomical characters that is 
unusual for the grasses as a whole, and some characters that are peculiar to the 
bamboos and only a few genera that are not generally regarded as bamboos in ex- 
isting systems of classification. For example the bamboos exhibit not-radiate as- 
similatory tissue and double sheaths, two characteristics of festucoid grasses. On 
the other hand the. occurrence of micro-hairs, of cross and saddle-shaped silica bodies, 
and of short cells in longitudinal rows above the veins, are panicoid characters. 
There is also a tendency for the saddle-shaped silica bodies to be of the Oryza type 
in certain species. The fact that the assimilatory tissue usually consists of 
arm-cells is another character that the bamboos share with the Oryzeae. Taken 
together, these facts show that certain of the characters that occur in combination 
in the bamboos have become separated in other groups of grasses, which suggests 
that the bamboos may be more primitive than other grasses. It should be noted, 
however, that the bamboos clearly stand out amongst the grasses as a distinct 
group, apart from a few isolated genera, in having the highly characteristic fusoid 
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cells in their mesophyll, and in the complex vascular structure and massive deve- 
lopment of sclerenchyma in their midribs. 

Another important point is that, although the bamboos exhibit combinations 
of characters that appear to be diagnostic for the species in which they are ex- 
emplified, there are no clear anatomical lines of demarcation between the genera. 
Indeed to the anatomist the bamboos appear to consist of numerous species that 
could be interpreted as belonging to only one, or at most only a few, genera. 
Further work on the structure of the vegetative organs, and of the flowers and 
fruits, will be necessary before the taxonomy of the bamboos can be more fully 


understood. 5 
Species examined 


Arthrostylidium capillifolium Griseb., A. pubescens Rupr., Atractocarpa olyraefolia 
Franch., Arundinaria auricoma Mitford, A. fastuosa Mak., A. fortuni A. & C. Riv., 
A. graminea Mak., A. japonica Sieb. & Zucc. (Sasa japonica Mak.), A. marmorea 
Mak., A. murielae Gamble, A. nitida Mitford, A. pumila Mitford, A. simonii A. &C. 
Riv., A. tessellata Munro, A. vagans Gamble, Bambusa nana Roxb., B. vulgaris 
Schrad., Cephalostachyum capitatum Munro, Chusquea abietifolia Griseb., C. tenella 
Nees, Dendrocalamus brandisit Kurz, D. giganteus Munro, Dinochloa m’clellandii 
Kurz, Gigantochloa ligulata Gamble, Greslania rivularis Bal.. Guadua paniculata 
Munro, Guaduella oblonga Hutch., Melocanna bambusoides ‘Trin., Merostachys 
viedeliana Rupr., Nastus capitatus Munro, N. elegantissimus (Hassk.) Holttum 
(Chloothamnus elegantissimus (Hassk.) Henr. and Schizostachyum chilianthum Kurz), 
Ochlandra_ setigera Gamble, Oreobambus buchwaldit K. Schum., Oxytenanthera 
abyssinica (A. Rich.) Munro, Phyllostachys bambusoides Sieb. & Zucc., P. castillonis 
Mitford, P. heterocycla Matsum., P. nigra Munro, P. reticulata C. Koch, P. viridi- 
glaucescens A. & C. Riv., Pseudostachyum polymorphum Munro, Puelia ciliata Franch., 
Shibataea Kumasasa Mak., Thyrsostachys oliveri Gamble. 
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On the Phylogeny of the Stele 


by W. Zimmermann* 


Received June 29, 1956 


1. Methods 


Our aim is to demonstrate the actual evolution of the stele. We wish to exhibit 
the phylogenetic process of life as it really took place in bygone time (viz. the 
historical process in the past and not an abstract performance in our mind). We 
thus search for the ancestral stages, for instance of the first steles in early land 
plants, and on the other hand for the events that lead from those early stages to the 
recent types of the stele. 

There is a vast divergence of views about the phylogeny of the stele, caused by 
differences in methods. It results mainly from the varying interpretation of the 
word phylogeny that should be applied only to the actual, “real” (naturwirklichen) 
evolution process and not to an only intellectual linkage of the organisms. Up till 
now, for historical reasons, the notion phylogeny or evolution is often used in con- 
fusion or combination of the natural process with the human mental process. But 
in an exact methodology the word phylogeny should not be employed for specula- 
tive deduction) of a recent organ or organism from another recent organ or organism 
nor for derivation of ontogenetically “complete” steles from each other. Both these 
deductions contain partially right perceptions though mixed up with wrong con- 
clusions. 

For instance, a recent organism may represent some primitive features; but 
this does not justify to infer further: it is to be regarded as primitive in general, 
and it would be false to derive from such an organism any phylogenetically earlier 
organisms. 

Equally, a series of ontogenetically “complete” steles may serve to exhibit the 
general course of phylogeny. But such isolated stages can not manifest the living 


* Inst. f. Angewandte Botanik, Universitat Tiibingen, Deutschland. 

1) There exists but a single natural connexion between different organisms which is represen- 
ted by the phylogeny. Thus, when inferring different organisms from each other we have to 
describe either this phylogeny as the only connexion given by nature or to restrict to merely 
speculative correlations born from our mind. As a matter of course for every clean method it 
should be stated clearly, whether one is speaking of the natural process (the phylogeny) or an 
intellectual conception (a non-phylogenetical development). Phylogenetical conclusions are, as 
universally in natural science, conclusions of probabilities: we have to counterbalance the 
various possibilities and to decide for the most conclusive one. In most of the following 
questions this decision is eased by an evident probability. Not to accept such a conclusion as 
justified means to value the contradictory opposite as better founded. 
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process of stele de- 
velopment which is 
more versatile and, 
for all, more com- 
plicated. In fact this 
process is what I 
called a “hologeny ” 
(Fig. 1), namely a 
continuous series of 
ontogenies that be- 
gins with the on- 
togeny of the an- 
cestors. 

To seize the 
actual phylogenetic 
development of the 
stele we have to be 
conscious of the 
hologenetic relation. 
Moreover, we have 


to bear in mind: 
Chromosomen bezw. ar] phylogenetical 
Chromonemeaita 


change starts with 
4 = upsppunglicher 


und changes of the geno- 
ry mutativ ab= type: this genotypic 
gewandelte 


Ff Zustande change induces an 


t 


alteration and wand- 
ering of the deter- 
Fig. 1. Hologeny of the stele. minating impulses in 
the embryonal tissue; in consequence, the embryonal development shows an altered 
differentiation with regard to shape, position and sequence of organ formation. 

With reference to the stele that means; also the ancestors developed an “ initial 
tissue” (procambium, protophloem and protoxylem) near the growing point. In 
accordance with the physiological development these initial stages subsequently 
originated the ontogenetically ‘‘complete” stele which is characterized by typical 
cross sections, as represented in Fig. 4. 

In the descendants, under the influence of the changed genotype, the determining 
factors of the embryonal tissue begin to act in the initial stages, and particularly 
in the later stages. The growing point is undergoing a kind of new-cast, whereby 
a “shifting” of the tissue can take place; this process is marked by a changed 
habitus, by a changed local arrangement, and by a changed timely sequence of the 


Oct.—Nov.. 1956 Bot. Mag. Tokyo, Vo'. 69, Nos. 820-821 403 


“complete” tissue. 


Il. The original structure of the stele 


According to prevailing opinion the original type of the stele is the protostele with 
central protoxylem. This type is repre- : ae 
sented by the telomes and mesomes of | 
the Rhyniaceae (Rhynia® and Horneo- 
phyton) and some Pyrimofilices. The 
protostelic telomes are characterized by 
a strong radial symmetry. The _ tissues 
are arranged in layers of concentrical 
cylinders: The central protoxylem is 
surrounded by the cylindrical metaxylem 
(as in Rhynia major and Horneophyton, 
see Fig. 2), then by acylinder of phloem 
(or a precursor of phloem) and finally by NS a 
a cortical parenchyma and the epidermis. Fig. 2. Protostele of Rhynia major. 


Ontogenetically we discern, already in the vicinity of the growing point, the 
central procambial strand that gives rise to the first permanent tissue: the 
protoxylem. This arrangement indicates that here, as in later axes, the initial 
stele acts on the ontogenetically later tissue in the sense of an organizer (“ Organisa- 
tor’). Especially in the formation of the metaxylem and secondary xylem the deter- 
mining influence of the protoxylem (or its meristematic precursor) is quite obvious. 

Apparently this protostelic structure of archae-syntelomes in Psilophyta is the 
archetype of the different steles. This is to be proved in the same way as for the 
archae-syntelomes themselves (Fig. 3). Protosteles and archae-syntelomes dominate 
in the oldest land-plants. The primary protosteles dichotomise like the primary 
syntelomes. 


III. The initial stage of derivated steles 


The ontogenetically complete steles (Fig. 4) are marked by an extreme difference 
in appearance, while the initial stages show an astonishing resemblance. 

In almost all cases we find a cylinder of strand-initials (“‘Initialen-Buendelrohr ” 
Fig. 5A and 9B). That means, there appears at the beginning of vascular differen- 
tiation a cylinder of strands in the vicinity of the growing point. These strands 
represent an “open”, non-anastomising system, at least in the axes of archaic stems. 
The same open structure prevails in all primitive organs (as well in leaves as in 
axes). The initial strands of this cylinder are forked into cauline bundles (“ meriste- 
les”) and leaf traces (Fig. 9B). 

In these initialstages the differences between the various types of the stele are 
restricted mainly in two features: 

1) The number of cauline bundles varies from 3 (e. g. Sphenophyllum) or 
4 (Stauropteris) or 5 (Lyginopteris) to more than 100 (Calamites). 

2) The leaf traces branch off in different directions (as indicated in Fig. 5A). 


2) Rhynia itself is found much later than the other genera, other members of Rhyniaceae ex- 
isted already in the Silurian time. 
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Fig. 3. A statistical proof for primitiveness of 
archaesyntelomes. 

On the left: 5 types of oldest land-plants, 

on the right: their distribution (% of species) 
in the geological time. (See p. 403). 
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Sphenophyta, results. 


The cylinder of strand- 
initials is to be derived phylo- 
genetically from the pro- 
tostele of the archae-syntelo- 
mes by two elementary pro- 
cesses, viz. Syngenesis and 
overtopping : 

1) Parenchymatic synge- 
nesis of meristeles (Fig. 5C). 
This process may also be 
called “basipetal shifting” 
of stelar bifurcation. Its be- 
ginning is already visible 
for instance in Taeniocrada 
Langi from the _ inferior 
Devonian period (Fig. 6 A, 
found by F. Stockmans). 
The dichotomy of the stele 
seems basipetally shifted, 
when compared with the 
outlines of the telomes, and 
thence transverse sections 
show not a single stele but 
two steles, or two meristeles, 
as they are called in general 
(Fig. 6 B). By repeated 
basipetal shifting of the stele 
bifurcation a mesome may 
show 4 meristeles (Fig. 6 C); 
this structure is widespread 
in Primofilices. If only one 
of the two meristeles bran- 
ches off, the threefold stele, 
a typical feature of early 


We should keep in mind that, from a hologenetic aspect, the first change in 
this process is marked by the actual shifting of the determinating factors near the 


growing point. 


2) Differentiation between cauline and foliar bundles iN overtopping (Fig. 5B). 
This process corresponds entirely to the external overtopping of the shoot axis 
over the leaves and is its anatomical consequence. It is not possible to enter into 


particulars. 


IV. The formation of metaxylem and other permanent tissue 


We mentioned already that the formation of metaxylem, as a rule, takes place 
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in connection with the 
protoxylem and appa- 
rently under the deter- 
mining influence of the 
latter» This  deter- 
mining effect is mani- 
fested by the generally 
close relation of trach- 
eidal elements in the 
metaxylem to the pro- 
toxylem, and the same 
usually applies to the 
secondary xylem. The 
different structure of 
the different  steles 
results from a varying 
direction in the differ- 
entiation of the meta- 
xylem which is demon- 
strated by some exam- 


ples in Fig. 7. ei 

Pee teen the ; Fig. 4. - Survey of stele types. 
eM Light stippling: phloem; darker portions: metaxylem; 
initial structure of the black points: protoxylem. 


stele is the same, i.e. 
the cylinder of strand- 
jnitials (“ Initialen- 
Biindelrohr”), which 
is represented by the 
strands of procambium 
or protoxylem (see 
Fig. 9 B). After this 
formation of the cylin- 
der of strand-initials 


we see in Fig. 7 the 
following extensions of Fig. 5. A) Scheme of the cylinder of “strand-initials.” 
metaxylem: B) Overtopping and C) syngenesis of the stele. 

in the protostele and polystele a radial extension of metaxylem (in the protostele 
the extension of metaxylem begins with one and in the polystele with several 
strand-initials) ; 

in the eustele a centrifugal extension of metaxylem; 

in the actinostele a centripetal extension of metaxylem; 

in the siphonostele a tangential extension of metaxylem. Apparently there are 
determining factors which direct the growth of metaxylem in these directions. 


3) For our question it is without relevance, if this determining impulse proceeds from the prom- 
toxylem itself or, Waat is more probable, from its embryonal pre-stages, 
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‘V. Some characteristic instances 


Asteroxylon Mackiei, M. Devon. (Fig 8). 


The adult shoot has an actinostele with “ mesarch” primary xylem in the “ branches”. 


sind 


VIL WY, 


Fig. 6. A—C. 


Figs 6.9; 
Beginning of syngenesis in Taeniocrada Langi. (See p. 404). 


Protostele SO @ v7: 


Polystele Eustele 


>< 


° 


Actinostele Siphonostele Pietzschia 


Fig. 7. Directions of metaxylem extension. (See p. 405). 


This implies an initially more or 
less centrifugal differentiation 
which is soon followed by a 
strictly centripetal extension ; 
hence the xylem “branches” 
close up in the center of the 


shoot axis. 


From the ‘‘ branches” the 
leaf traces are forked off cen- 
trifugally. They are construc- 


ted in principle on the same 
model as the earlier initial 
strands of the axis (mesarch 


protostele as in Fig. 8B). 


Three ontogenetical stages 
can be observed immediately : 

a) The procambial stage in 
the bud of Astervoxylon (Fig. 8A). 
Here we have a characteristic 
procambial cylinder of initial 
strands, whose general structure 
corresponds to Fig. 1, middle. 
The cylinder of initial strands 
consists in shoot-buds with 4 to 
6 cauline strands, well recogniza- 
ble as dark, stretched cells filled 


with plasma. By one or two 


dichotomous furcations they detach procambial forerunners of leaf traces. - 
b) The stage of the first metaxylem is represented in principle by Fig. 1, upper 
left. As in the protostele, the metaxylem is formed radially around the proto- 


xylem, ie. in “ mesarch” position to the latter. 


c) This protostelic differentiation is stopped soon. In the cauline bundles the 
metaxylems (wide tracheids) grow only centripetally, conforming with the actinostele ; 


accordingly the “branches” join in the center. 
lier stage b. 


The leaf traces remain in the ear- 


The steles of the later Lycophyta, differ from Asteroxylon by an “exarch” posi- 


the wood creates the 
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tion of the proto- 
xylem. That means, 
the determining 
effect of the proto- 
xylem acts. only in 
centripetal or tan- 
gential direction, re- 
spectively. In some 
Sigillavia (for in- 
stance Szgillaria ele- 
gans Sternberg) the 
centripetal determi- 


nation of the meta- 
xylem does not reach 


the center of the 
axis; hence we find 
a“ pith”. This type 
of the stele is called 
“siphonostele”, par- 
ticularly since the 
metaxylem forma- 
tion goes, to alarge 
extent, also in tan- 
gential- direction. 
Generally speaking, 


impression of a 

cylinder. 
Lyginopteris old- 

hamia (Fig. 9). 

In this upper 
Devonian __ Pterido- 
phyta equally three 
ontogenetical stages 
are to be discerned: 

a) Like in Asteroxylon, the :procambial stage shows, in principle a distinct 
cylinder of strand-initials. By tangential furcation the five cauline bundles detach 
the foliar bundles, similar to the 2/5 position of the leaves. The latter divides fur- 
ther in a characteristic way, namely in the same internode in which the cauline 
bundles. go on to bifurcate. Thence the whole stele reveals evidently the original 
dichotomous organization of the protostele in Psilophyta ( See Fig. 9 B). 

b) The metaxlyem stage shows a radial structure and corresponds so far still 
to the Psilophyta : we can speak of “ mesarch” meristeles or bundles, respectively. 
True, the metaxylem differentiating effect of the protoxylem goes somewhat more in 


Fig. 8. A—B. Asteroxylon. (See p. 406). 


centripetal than in centrifugal direction. 
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Fig. 8. C. Asteroxylon, part.of Fig.8.B. (See p.406). Fig. 8. D. Asteroxylon, wood. 


c) In the stage of later wood formation, mainly that of secondary wood, a 
nearly exclusive centrifugal differentiation takes place. Though, besides, we know 
some forms of Lyginopteris which, at least to some extent, have a radial differen- 
tiation within the secondary wood (similar to Medullosa). 

Other Pteridophyta. A 
centripetal differentiation of 
the metaxylem is rather 
conspicuous in some early 
Pterophyta. The typical 
actinostele? occurs in 
some Pyrimofilices (for in- 
stance Stauropteris) though, 
in general, the axes of Pte- 
rophyta are characterized 
by polysteles, eusteles and 
siphonosteles; that means, 
the metaxylem is differentiated in different directions as described above (Fig. 7). 


Fig. 9. Lyginopteris. (See p. 407). 


Medullation 


In the earlier stelar theory (Fig. 10 A and B) a conception developed deviating 
from the notion demonstrated above. According to that theory the medullation— 


4) Thence the actinostele is the dominating type of the archae-stele; it is present in ancient 


Sphenophyta like Sphenophyllum, and we ascertained previously a fairly conforming type for 
Lyginopteris. 
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that is the formation of 
parenchymatous tissue within 
the protostelic center of the 
axis — is assumed .to take 
place by “transformation” or 
“sinking in” of parenchyma 
into the axial center. These 
conceptions do not correspond. 
to fossil findings nor to the ‘ 
ontogenetical processes of the B. “Transformation” to medulla (KIDSTON & 
ancestors. The (firstly proto- GWYNNEVAUGHAN) 

stelic) strands are always . 
formed isolated, though they 
may merge in an actinostele 
by profuse development of 
centripetal metaxylem; this “Basipetal shifting” of stele-ramification 
is the case mainly in archaic (ZIMMERMANN) 

axes. The siphonostele, too, Fig. -10.- Theories .of medullation. 


O 


arises from subsequent fusion of tangential metaxylem within a cylinder of initial 
strands. Within the Pterophyta the Permian Osmundales seems to be the first to 
present the siphonostele. (They show a typical cylinder of initial strands that 
corresponds to the position of the protoxylem strands). Recent Osmundales possess 
isolated strands. That means, the determining power of protoxylem here is limited 
to isolated strands. 


Zusammenfassung 


1. Die Ahnengestalt der Stele, wie sie bei den Altesten Landpflanzen (zum 
Beispiel Rhyniaceae) ausgebildet ist, war eine Protostele mit centralem Protoxylem. 

2. Bei ihrer phylogenetischen Abwandlung bildet sich in der Ontogenie in allen 
Stelen zunachst das ‘‘Initialen-Biindelrohr”, ein Zylinder aus “kaulinaren ” Prokam- 
bium— beziehungsweise Protoxylem— Strangen, von denen ahnlich gebaute Blattspuren 
ausgehen. 

3. Die verschiedenen Typen der Stelen ergeben sich dann durch wechselnde 
Differenzierung der Folgegewebe (Metaxylem, Sekundarholz und so fort). Diese 
Folgegewebe werden offensichtlich ausstrahlend vom Protoxylem aus determiniert. 
Das verschiedenartige Aussehen der Stelen ergibt sich dann vor allem durch die 
wechselnde Richtung, in der die determinierende Wirkung sich zeigt.. 


For detailed references (also for Fig. 1—9) see 
Zimmermann, W. 1954. Ueber die mikrophyllen “Psilophyten”, ihre Entstehung und 
Bedeutung fiir die Stammesgeschichte. Palaont. Z. 28: 56. 


4 1954. Das Homologieproblem, erliutert am Beispiel der Stelar- 
theorie. Ber. d. Dtsch. Bot. Ges., 67: 312 
‘A 1955. Wie die Pflanzen an Land gegangen sind. Kosmos, 10: 461. 


Mt Phylogenie der Pflanzen. Jena 1930, 2. Auflage. In press. 


The Morphology and Embryology of 
Floerkea proserpinacoides Willd. with a Discussion on 
the Systematic Position of the Family Limnanthaceae 


by P. MAHESHWARI and B. M. Jonri* 


Received June 30, 1956 


The family Limnanthaceae comprises two genera, Floerkea and Limnanthes. The 
embryology of Limnanthes douglasii has been studied by Stenar (1925), Eysel (1937), 
Fagerlind (1939) and Mason (1951) but without any agreement on several critical 
points. More recently Mathur (1956) has investigated L. douglasiit and L. striata 
and concluded that the embryo sac is tetrasporic corresponding to the pseudomono- 
sporic, biphasic type? of Harling (1950). The earlier interpretation of Stenar and 
Eysel of an Adoxa type of development is not confirmed (see also Fagerlind, 1939). 

Mason (1952) has recently conducted a systematic study of the genus Limnanthes 
and “‘ utilized the traditional morphological approach, as well as chromosome studies 
of hybridization as embodied in more recent taxonomic techniques.” 

On Floerkea, a monotypic genus of North America, there is a general article by 
Russell (1919) and a short note by Johri & Maheshwari (1951) on its embryo sac 
and endosperm. 

The systematic position of the family Limnanthaceae has been a debated ques- 
tion. Brown (1933) recognized some common features with the hypogynous families 
but did not assign a definite place to it. Engler & Prantl (1897) placed it in the 
order Sapindales and Hutchinson (1926) in the Geraniales. As will be shown here, 
none of these assignments is satisfactory and porbably the family needs to be raised 
to an ordinal rank. 


Materials and methods 


While on tour in the U.S.A. in 1946, one of us (P.M.) fixed some material of 
the plant from Madison, Wisconsin. Additional material was obtained in 1952 from 
Dr. L. Farquharson (Bloomington, Indiana) and Dr. L. A. Kenoyer (West Michigan 
College), and in 1952 from Dr. M. Fulford (Cincinnati, Ohio) and Dr. C. T. Mason Jr. 
(Stanley, Wisconsin). To all these persons we offer our most grateful thanks. 

Buds, flowers and fruits were prepared and imbedded in the usual way. Sections 
were cut at 6-15 microns and stained in iron-haematoxylin as well as safranin and 


* Department of Botany, University of Delhi, Delhi 8, India. 
1) When only one of the four megaspore nuclei contributes to the formation of the embryo 


sac, the development is pseudomonosporic. The term biphasic means that two post-meiotic divisions 
occur before the organization of the embryo sac. 


Oct.-Nov. 1956 Bot. Mag. Tokyo, Vol. 69, Nos. 820-821 411 


fast green. Both combinations gave good results. Dissections were also made of 
the endosperm at the globular stage of proembryo and stained with cotton blue 
in lactophenol. 


Morphology 


Floerkea proserpinacoides, popularly known as the ‘false mermaid weed’, is a 
short-sized (about 10 cm. high) annual, marshy herb with pinnately dissected, simple, 
alternate leaves. 


10 


Figs. 1-11. Floral morphology and anatomy. (a, androecium; ¢, corolla; d, stylar bund- 
les; R, calyx; 0, ovary wall; ov, ovule; st, style; v, ovular bundles). Fig. 1. Ls. flower at 
mature embryo sac stage; the swollen portion of the filament on the right represents the 
basal gland. x25. Figs. 2-8. Transection of a flower with tricarpellary gynoecium showing 
origin of vascular traces to various organs; approximately at level marked in Fig. 1, but of 
a younger flower. x39. Figs. 9-11. T. s- older flower (bicarpellary gynoecium), more or less 
at levels, 7, 8 and 11 indicated in Fig. 1. x39. 
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The solitary axillary flowers possess three large, imbricate sepals and three 
contorted petals (Figs. 1, 8, 10, 11); rarely there may be four sepals. T he six 
stamens are arranged in two whorls, the outer alternating with the petals (Figs. 
7-10) and having conspicuous basal glands. The gynoecium is usually tricarpellary 
but sometimes bicarpellary, with a gynobasic style (Figs. 1, 8, 10). The ovaries 
alternate with the petals, and each has a single basal-parietal ovule (Figs. 1, 8, 10). 

The vascular supply of the flower is shown in Figs. 1-11. There are three 
bundles at the upper end of the pedicel (Fig. 2), alternating with which arise the 
three traces (k,, kz, k3) to the sepals (Fig. 3). The traces to the petals (ci, Cz, 
c3) alternate with those of the sepals (Fig. 4). Further up each sepal shows one 
median and two lateral bundles, while the petal traces proceed undivided (Fig. 11). 
Next are the six staminal traces (ay-ag) which arise at about the same level (Fig. 5). 

The remaining bundles of the central ring supply the gynoecium. One bundle 
enters each ovule, curves round and branches, the ramifications continuing up to 
the integument (Figs. 1, 7-10). Bundles alternating with the ovular supply enter 
the style (Figs. 6-8, 9, 10) and bifurcate in the region of the stigma (Fig. 11). As 
in Limnanthes (Saunders, 1928), the ovary wall is devoid of any vascular supply. 


Figs. 12-25. Microsporogeneis and male gametophyte. Figs. 12, 13. Portions of anther 
lobes at tetrad and uninucleate pollen grain stage respectively. x434. Figs. 14, 15. Micro- 
spore mother cells, Meiosis I and II. x1585. Fig. 16. Cytokinesis by. furrowing. x 1585. 
Fig. 17. Decussate tetrad. x1585. Fig. 18. Uninucleate pollen grain. x1585. Fig. 19. 
Division of microspore nucleus. x 1585. Figs. 20-23. Two-celled pollen grains. x 1585. 
Fig. 24. Outline diagram for Fig. 25. x50. Fig. 25. Portion of anther lobe marked in 
Fig. 24, to show region of dehiscence. x 434. 


EE ce 
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Microsporogenesis and male gametophyte 


Each microsporangium of the dithecous anther shows a group of hypodermal 
archesporial cells. An endothecium, two persistent middle layers and the glandular 
tapetum are derived from the primary parietal layer (Figs. 12, 13, 25). During 
reduction divisions the tapetal cells enlarge and become binucleate, but later 
the nuclei fuse (Figs. 12, 13). The inner tangential walls of the tapetal cells break 
down at the microspore stage (Fig. 13), and as the pollen grains mature the tapetum 
disor ganizes. 

The reduction divisions are simultaneous, secondary spindles are laid down 
during Meiosis II, and cytokinesis occurs by furrowing. Centripetal wedges formed 
by the special mucilaginous wall bring about quadripartition (Figs. 12, 14-16). The 
microspores are usually arranged tetrahedrally or in a decussate fashion (Figs. 16, 
17); isobilateral tetrads also occur sometimes. 

The microspores enlarge and the wall differentiates into an exine and an intine 
(Fig. 18). In some of the microsporangia there is widespread degeneration of the 
microspores (Fig. 13). On division the nucleus gives rise to a small generative and 
a large vegetative nucleus separated by a membrane (Figs. 19, 20). As the latter 
soon dissolves, the generative cell moves into the cytoplasm of the vegetative cell 
where it acquires a lenticular shape (Figs. 21, 22). In some pollen grains the vegeta- 
tive nucleus had flattened and came to lie adjacent to the generative cell (Fig. 23). 
The mature pollen grains are rounded and 4-colporate, and the exine has warty 
projections (Figs. 20-23). 

During maturation of the anther, the partition walls between the adjacent micro- 
sporangia break down (Fig. 24), and dehiscence occurs by longitudinal slits along 
the junction of the pollen sacs. In this region the epidermal and endothecial. cells 
are smaller and thin-walled. Further, the former lack tannin and the latter are 
devoid of fibrous thickenings (Fig. 25). The stamens of the outer whorl dehisce 
earlier than those of the inner. 


Ovule 


The ovule is unitegmic and tenuinucellate, and the integument makes its appea- 
rance almost simultaneously with the differentiation of the archesporium. The 
curvature of the ovule is very rapid so that by the time the first meiotic division 
is over, it ‘becomes anatropous (Figs. 26, 27). Besides the epidermis, the nucellus 
comprises only one more layer of cells on the sides (Fig. 30). This layer is crushed 
during megasporogenesis and the epidermis meets the same fate soon after. 

The integument is massive and shows a conspicuous vascular supply (Figs. 1, 
8, 10, 28). During its expansion the embryo sac consumes the adjacent cells of the 
integument (Figs. 42, 43). 

Mathur (1956) reports that in Limnanthes douglasii a few cells of the integu- 
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Figs. 26-43. Megasporogenesis and female gametophyte. Figs. 26-28. L. s. ovules‘at arche- 
sporial, 2-nucleate and mature embryo sac stage; Figs. 27 and 28 are outline diagrams 
for Figs. 31 and 42 respectively. x49, Fig. 29. _Multicelled archesporium, x801. Fig. 30. 
Megaspore mother cell, 801. Figs. 31-37. Stages in developmet of embryo sac; explana- 
tion in text. x80]. Figs. 38-39. Abnormal gametophytes; Fig. 38. x801; Fig.39. 528. 
Figs. 40, 41. Mature embryo sacs. x 528. Figs. 42, 43. Same, 1. s. Portions of ovules; note 
the thickened integumentary cells at the micropylar end. x 316. . 
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ment at either end of the embryo sac become thick-welled. They have dense 
cytoplasm and appear to have a nutritive function. In Floerkea proser pinacoides 
such thick-walled cells are distinguishable only at the micropylar end (Figs. 42, 43). 


Megasporogenesis and female gametophyte 


There is a group of hypodermal archesporial cells (Fig. 29) but only one of them 
functions. As it differentiates into the megaspore mother cell, prominent vacuoles 
appear at either pole (Fig. 30). 

The first meiotic division results in a markedly smaller nucleus which migrates 
to the chalazal end, and a larger one which stays on in the centre of the cell (Fig. 
31). The smaller chalazal nucleus usually degenerates soon after formation (Figs. 
32, 33). The upper nucleus undergoes the second reduction division and again pro- 
duces one small nucleus which migrates to the chalazal end, and a larger nucleus 
occupying a central position (Fig. 32). The second nucleus at the chalazal end 
often divides to form two daughter nuclei (Fig. 33). Sometimes it is the first-formed 
chalazal nucleus which divides (Fig. 34) but such a behaviour is rare. 

The upper larger nucleus has divided in Figs. 35-37. The two lower nuclei in 
Figs. 36 and 37 may have been formed as a result of division of the first-formed 
chalazal nucleus. It is also possible that they correspond to the two chalazal nuclei 
in Fig. 32; or, perhaps the first chalazal nucleus had already degenerated and dis- 
appeared and they are products of division of the second chalazal nucleus. In Fig. 
35 these two nuclei seem to have fused. Unfortunately our preparations did not 
show any mitoses and therefore no definite conclusions can be made about the origin 
of the chalazal nuclei in Figs. 32-34, 36, 37 and 39. 

The abnormal gametophyte represented in Fig. 38 is even more difficult to 
interpret. Since the nuclei vary considerably in size, it is probable that in this case 
there were irregularities in the meiotic divisions. 

The two nuclei at the micropylar end undergo one more division and the daugh- 
ter nuclei organize into the egg apparatus and the upper polar nucleus (Figs. 40- 
42). A lower polar nucleus is always present (Figs. 40-42); in origin it may either 
be the second chalazal nucleus (formed after Meiosis II of the upper larger nucleus) 
or its daughter nucleus. In Fig. 39 the large nucleus below the egg apparatus is 
probably the fusion nucleus and the two nuclei at the base may represent the two 
lower nuclei shown in Fig. 34 which have persisted for quite a long time. In Fig. 42 
the nucleolus of the upper polar nucleus appears to be in a process of budding. 

The mature embryo sac is conspicuously broad in the middle and narrow at 
the poles (Figs. 28, 40-43). The synergids are beaked and hooked and lack a basal 
vacuole (Fig. 41); the nucleus usually lies in the centre of the cell although some- 
times it may be basally situated (see left synergid in Fig. 40). 

Since walls are not laid down after the first or the second meiotic division, the 
development of the embryo sac is tetrasporic as also in the allied genus Limnanthes 
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Figs. 44-63. Endosperm and embryo. (p, endosperm pouch; pf, pollen tube; s, persistent 
synergid). Fig. 44. Double fertilization. x 259. Fig. 45. Embryo sac with proembryo and 
undivided primary endosperm nucleus. x 259. Fig. 46. 
dosperm nuclei. x 259. Fig. 47. Upper part of embr 
embryo and free endosperm nuclei. 


globular, and heart-shaped stage of embryo; Figs. 48 and 51 are outline diagrams for Figs. 


Same, showing zygote and two en- 
yo sac with persistent synergid, pro- 
x 259. Figs. 48, 51, 58. Lis. ovules at early and late 


49 and 52 respectively. x38. Figs. 49, 50, 52. 
gradual aggregation of endosperm nuclei adjacent to the persistent synergid and formation 


of the pouch. x 259, Fig. 54. Endosperm and globular proembryo from whole mount. x65. 
Figs. 55-63. Stages in development of the globular proembryo. x 259. 


Upper portions of embryo sacs; note the 
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(Mathur, 1956). The nearest approach is to the Drusa type except that the activity 
of the nuclei situated at the chalazal end is very much restricted. 

Neither in Mathur’s material of Limnanthes nor in our preparations of Floerkea 
could there be seen any protrusion of the micropylar end of the 4-nucleate embryo 
sac as figured by Fagerlind (1939). In Flcerkea the daughter nucleus resulting 
from the second meiotic division of the upper nucleus invariably migrates to the 
chalazal end (see Figs. 32-34) while in Limnanthes it is situated at a somewhat 
higher level. Antipodal cells were not observed and only in a few embryo sacs one 
or two nuclei were present in the chalazal end of the organized gametophyte (e.g. 
Fig. 39). 


Fertilization 


Double fertilization occurs as usual (Fig. 44) and remnants of the pollen tube 
persist until a late stage (Figs. 46, 47, 49, 50, 52, 63). Normally one of the synergids 
is destroyed during fertilization but sometimes both may remain intact (Fig. 44). 
The surviving synergid enlarges, takes a dense stain, and persists until the forma- 
tion of the globular proembryo. Probably it has a haustorial function (Figs. 46, 
47, 49, 50, 52). Fagerlind (1939) and Mathur (1956) also report a similar behaviour 
of one of the synergids in Limuanthes. 


Endosperm 


As a tule the primary endosperm nucleus divides earlier than the zygote. In 
Fig. 46 the first division has already taken place but the zygote is undivided. Fig. 
45 shows the reverse condition where we have a well advanced proembryo but an 
undivided primary endosperm nucleus. Repeated nuclear divisions, which are not 
always synchronous, result in a large number of nuclei about 215 at early globular, 
370 at late globular and 780 at the heart-shaped stage of the embryo. These nuclei 
take up a peripheral position (Figs. 48, 51, 53) although from the very beginning 
there is a tendency for an aggregation of the endosperm nuclei in the vicinity of 
the persistent synergid (Figs. 49, 50). The nuclei are imbedded in dense cytoplasm 
and the adjoining integumentary cells soon show signs of being corroded. Gradually 
a pouch is formed in this region containing 30-35 nuclei (Figs. 50-54). The pouch 
is always on the funicular side (Figs. 51, 53) and functions as an efficient absorbing 
organ. It has not been observed in Limnanthes by any of the investigators on this 
genus. 

The peripheral layer of cytoplasm containing the endosperm nuclei invades the 
integumentary tissue all around the embryo sac so that the pouch is no longer 
distinguishable in older stages (compare Figs. 53, 75, 76). 

The endosperm remains nuclear throughout and is consumed during the matura- 
tion of the embryo. No more than a darkly staining streak of its remnants persists 


between and around the cotyledons, 
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Embryo 


The development of the embryo is shown in Figs. 55-63, a few stages being 
shown incidentally in Figs. 45, 47, 49, 50 and 52. The suspensor usually consists of 
a uniseriate row of 3-4 cells, but sometimes 6-9 cells may be formed. The upper- 
most cell elongates considerably, becomes vacuolated and may simulate a synergid 
(Figs. 52, 62). In one case it had undergone a longitudinal division (Fig. 63). 

The progress of the embryo from the late heart-shaped to the mature stage is 
indicated in Figs. 75, 76, 77 and 64. 
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Figs. 64-74. Fruit. (c, cotyledon; i, integument; J, leaf; pe, pericarp; 7, radicle ; st, stem 
tip). Fig. 64. L.s. fruit. x14. Figs. 65-74. T.s. fruit approximately at levels indicated in 
Fig, 64. x14. 


Seed and fruit 


The fruit is a single-seeded, indehiscent achene (nutlet). The embryo occupies 
the entire seed cavity and comprises two large cotyledons, a small radicle, and the 
stem tip with two pairs of leaves (Figs. 64, 70). The reserve food material appears 
to be proteinaceous. A feature of special interest concerning the cotyledons js 
their backward extension and bifurcation on either side of the radicle so that ina 
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cross section at the upper end there appear to be four lobes (Figs. 65-67). The 
embryo has a well developed vascular supply which extends into the bifurcated 
portions of the cotyledons (Figs. 65-74). Neither Fagerlind (1939) nor Mathur 
(1956) examined the mature seeds of Limnanthes and it would be interesting to 
know if the cotyledons in this plant are like those of Floerkea. 
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Figs. 75-81. Fruit, seed coat and pericarp. (é, embryo; en, endosperm; i, integument; 
pe, pericarp). Fig. 75. L.s. fruits, note the persistent gynobasic style. x18. Fig. 76. Older 
fruit. x18. Fig. 77. T.s. fruit.x18. Fig. 78. Portion of ovary wal], integument and endo- 
sperm enlarged from seed approximately of the same age as represented in Fig. 76. x 308. 
Fig. 79. Same, enlarged from Fig. 77; peripheral cells of the embryo are also shown. x 308. 

Fig. 80. Pericarp, seed coat, degenerated remains of endosperm, and portion of a cotyledon; 
enlarged from Fig. 66. x 308. Fig. 81. Thickenings on the outer tangential walls of epider- 


mal cells of pericarp. x515. 


7 


en 


At the time of fertilization. the integument consists of 14-16 layers of parenchy- 
matous cells. The inner 6-8 layers are absorbed by the endosperm (Fig. 78), but 
the rest of the cells enlarge except in the neighbourhood of the vascular bundles 
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(Figs. 78, 80). In later stages all the cells show deposits of starch excepting the 
epidermis and hypodermis which become slightly thick-walled (Figs. 78, 80). 

The ovary wall is 5 to 6-layered and localized growth at several points gives 
an uneven appearance to the outer surface (Figs. 75, 76, 78, 79, 64-74). In addition 
to a general enlargement of the cells, the epidermis and hypodermis acquire thick 
walls (Fig. 80). As in Limnanthes (Mathur, 1956) the outer tangential wall of the 
epidermis develops numerous pyramidal thickenings (Fig. 81) which gives the peri- 
carp a specific pattern. 

The pericarp and the testa remain adherent to each other. A few cells of 
the pericarp and the hypodermis of the testa are filled with ‘tannin’ and impart a 
reddish-brown tint to the fruit. 


Discussion 


The family Limnanthaceae is based on the type genus Limuanthes described by 
Brown in 1833. The material was taken to England from California by Douglas 
after whom the species L. douglasit is named. Brown also included the genus 
Floerkea in the above family, but added: ‘“ Examination proved these two plants 
to be so nearly akin that they might perhaps be included in the same genus.’”* 
Baillon (1871, 1878) observed tetramerous flowers in both Floerkea which is normally 
trimerous and in Limnanthes which is pentamerous and on this basis united them 
under the common name Floerkea. Several workers followed Baillon, while others 
maintained that these plants belong to separate genera (see Mason, 1952). 

The affinities of the family Limnanthaceae are also unsettled. Brown (1833) 
wrote: “The place of this family is not absolutely determined, but it is suggested 
that in two remarkable points of its structure, namely, the presence of glands sub- 
tending the alternate filaments, and the existence of a+ gynobase, it more nearly 
approaches to Hypogynous familes than Perigynous, with which it has hitherto been 
associated.”* ‘Bentham & Hooker (1862) recognized the individual status of the two 
genera but placed them in a separate tribe, the Limnantheae under the Geraniaceae. 

On the basis of the position of the seed, Engler & Prantl (1897) retained the 
two genera in the family Limnanthaceae and assigned it to the order Sapindales. 
On the other hand Hutchinson (1926) transferred it to the Geraniales which in their 
turn are regarded as derived from the Caryophyllales. While admitting consider- 
able gaps between the two groups, he draws attention to some affinity between 
them through the Limnanthaceae. . 

Whereas most systematists accept the assignment of the Limnanthaceae to the 
Geraniales, from the morphological and embryological standpoint there are marked 
dissimilarities with the members of the Sapindales as well as the Geraniales as will 
be borne out from the following table (for literature references see Anantaswamy 
Rau, 1940; D’Amato, 1939; Erdtman, 1952 ; Johri & Ahuja, 1956; Kiihn, 1928; Law- 
rence, 1951; Mathur, 1956; Schnarf, 1931; and Venkateswarlu & Narayana, 1955): 


* Quoted from Mason (1952). 
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CHARACTER LIMNANTHACEAE 


Flowers 


Androecium 


Gynoecium 


Anther 
tapetum 


Pollen 


Ovule 


Embryo sac 


Endosperm 


Embryo 


Seed 


Fruit 


Regular, perfect ; petals 
contorted. 


Stamens in 2 whorls, 
outer alternates with 
petals and has basal 
glands. 


Ovaries separate from 
one another; style gy- 
nobasic ; only one basal- 
parietal, 
ovule with micropyle 
pointing downwards. 


ascending 


Glandular. 


2-4 colporate. 


Anatropous; unitegmic; 
tenuinucellate; integu- 
mentary bundles present. 


Tetrasporic, but deve- 
lopment different from 
that in tetrasporic mem- 
bers of Euphorbiaceae 
and Malpighiaceae. 


Nuclear; in Floerkea a 
coenocytic pouch is 
formed adjacent to the 
funicular side. 


Straight; cotyledons lar- 
ge; there is an upward 
extension and bifurca- 
tion of the cotyledons 
in Floerkea. 


Exalbuminous. 


Schizocarpic, 1-seeded 
achene (nutlet); inde- 
hiscent ; style persists 
until a late stage. 
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SAPINDALES 


Often irregular ; unisexual. 


One whorl, inserted upon 
a disc or between disc and 
ovary. 


Syncarpous ; ovary entire or 
lobed; axile placentation ; 
ovules pendulous, dorsal 
raphe and micropyle poin- 
ting upwards; or erect 
with ventral raphe and 
micropyle pointing down- 
wards. 
Glandular; amoeboid in 
some plants. 

Usually 3-colporate. 
Anatropous ; bitegmic ; 
crassinucellate; tenuinu- 
cellate in Balsaminaceae; 
integumentary bundles 


present only in rare cases. 


Mostly monosporic; Al- 
lium type in Aydrocera 
triflora (Balsaminaceae). 


Nuclear; a large multinu- 
cleate micropylar haus- 
torium is formed in 
Hydrocera triflora. 


Curved; cotyledons crum: 
pled; nucellar embryony 
occurs in Anacardiaceae. 


Exalbuminous, but some- 
times albuminous. 


Various types. 
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GERANIALES 


Often irregular; usually 
hermaphrodite, some- 
times unisexual. 


Typically two whorls, the 
outer sometimes missing ; 
disc glands often present. 


Syncarpous; ovary entire 
or lobed; axile placenta- 
tion; ovules 1-2 in each 
locule, pendulous with 
ventral raphe and micro- 
pyle pointing upwards ; or 
erect with dorsalrapheand 
micropyle pointing down- 
wards. 

Glandular; amoeboid in 
some plants. 


Usually 3-colporate. 

Anatropous; bitegmic; 
crassinucellate (Linaceae, 
Oxalidaceae) ; integumen- 


tary bundles present in 
Euphorbiaceae. 


Mostly monosporic ; tetra- 
sporic in Malpighiaceae; 
mono-, bi- or tetrasporic 
in Euphorbiaceae. 


Nuclear; a chalazal endo- 
sperm haustorium occurs 
in Aegle (Rutaceae) and 
Suriana (Simarubaceae). 


Straight; nucellar embry- 
Ony Occurs in Rutaceae. 


Exalbuminous, sometimes 
albuminous. 

Capsular ; dehiscent ; style 
often persists in fruit. 


Thus, the Limnanthaceae differ from both the Sapindales and the Geraniales in 


having (1) only herbaceous members, (2) gynobasic style, (3) unitegmic, tenuinu- 


cellate, basal-parietal ovules, and (4) an unusual type of tetrasporic embryo sac. 


The Sapindales are mostly shrubs and trees, the leaves are usually compound, the 


flowers are often unisexual, the stamens are in a single whorl, and the embryo is 
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curved with crumpled cotyledons. The Sapindales as well as the Geraniales lack 
a gynobasic style, the ovules are penduluos on axile placentae, the pollen grains 
are 3-colporate, ovules are bitegmic and crassinucellate, the development of the 
embryo sac is predominantly monosporic, and nucellar embryony occurs in some of 
the families under both the orders. 

Concerning pollen morphology, Erdtman (1952) remarks: “ The grains in Lim- 
nanthaceae are not similar to those in Balsaminaceae, Convolvulaceae, Coriariaceae, 
Geraniaceae, Hydrocaryaceae, Nymphaeaceae-Cabomboideae, Sapotaceae and Tro- 
paeolaceae.” 

Judging from present evidence, then there are very few features common to 
the Limnanthaceae and members of the Sapindales and Geraniales. Since some 
of the families usually included in the above orders have already been given an 
ordinal rank (see Hutchinson, 1926; Lawrence, 1951; Core, 1955), we are of the opinion 
that the Limnanthaceae may also be given a similar status and placed in a new 
order Limnanthales. 


Summary 


Floerkea proserpinacoides is a monotypic North American plant belonging to 
the family Limnanthaceae. It bears solitary trimerous flowers. The stamens are 
arranged in two whorls of which the outer alternates with the petals and has 
basal glands. The gynoecium is usually tricarpellary, the ovaries are separate from 
each other and the style is gynobasic. There is a single, basal-parietal, ascending 
ovule in each ovary. 

The anther wall comprises the epidermis, fibrous endothecium, two persistent 
middle layers and glandular tapetum. The reduction divisions are simultaneous, 
cytokinesis occurs by furrowing and the tetrads are decussate or tetrahedral. The 
pollen grains are tetracolporate and are shed at the 2-celled stage. 

The ovule is anatropous, unitegmic and tenuinucellate with an integumentary 
vascular supply. A group of archesporial cells differentiates in the young nucellus 
but only one of them functions as the megaspore mother cell. A parietal cell is 
not cut off and the development of the embryo sac is tetrasporic. The mature 
gametophyte shows the egg apparatus, and two polar nuclei; rarely one or two 
antipodal nuclei are also seen. 

The endosperm is nuclear and walls are not laid down. The endosperm deve- 
lops a pouch-like haustorium at the micropylar end towards the funicular side. 

The zygote divides transversely. The mature embryo has a short radicle. The 
cotyledons have backward extensions which become forked. 

The testa consists of 8-10 and the pericarp of 3-4 layers. The pericarp has an 
uneven surface and the outer tangential wall of the epidermis develops pyramidal 
thickenings. The epidermis and hypodermis of testa and some cells of the pericarp 
contain ‘tannin’. The fruit is an indehiscent achene (nutlet). 
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The morphological and embryological features of the Limnanthceae do not sup- 
port its inclusion either in the order Sapindales or the Geraniales. It is suggested 
that this family may be given an ordinal rank under the name Limnanthales. 


We are indebted to Mr. S. N. Dixit who prepared most of the illustrations, and 
also to Mr. S. P. Bhatnagar and Mr. Hardev Singh for other assistance in the pre- 
paration of this paper. 
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* Originals not seen. 


A Comparison of Two Mesozoic Fern Floras 


by Tom M. HArRIS* 


Recewed June 23, 1956 
1. Introduction 


It has been my good fortune to study two large and well preserved Mesozoic 
floras. One! is from Scoresby Sound in East Greenland at Latitude 70° N and is of 
Rhaetic and basal Liassic age. The other is from Yorkshire in N. E. England at 
Latitude 54° N and is of Lower Oolite age (Bathonian and Bajocian). Both floras 
are preserved in an area where a large delta was formed and able to keep pace 
with subsidence and marine transgression and the fossils are largely the plants 
growing in the swamps of the delta. In both, large Equisetales flourished in lagoons 
and are the commonest fossils. In both, Gymnosperms are the chief land plants but 
ferns are very common and may have been the main herbs of the forest. 

The two floras have been collected and studied and in the same way, but collect- 
ing in Yorkshire has been far more extensive and many have contributed. The 
Greenland plant beds are, however, easier to work, and our knowledge of some of 
the inadequately known species can be supplemented by what we know of them in 
the Rhaeto-Liassic floras of S. Sweden and of S. W. Germany. 

The two floras are thus as fully comparable as could well be with present know- 
ledge and their comparison should illuminate plant development during the Liassic 
period, perhaps 10—20 million years. 

The Greenland flora has been described by me in a series of papers between 
1926 and 1935; the Yorkshire one” is presently to be redescribed in a new British 
‘Museum catalogue. 


2. Identical species 


It has long been known that certain Rhaetic and Oolitic ferns are very similar. 
Some authors have identified them, but others (including myself) have separated 
them, feeling that they would presently be demonstrated to be different. However, 
now I have studied both sets of specimens as fully as I could I can only say that 
no difference has emerged, but on the contrary I have found new and unsuspected 
points of agreement. 

Whatever views others hold about the meaning of the ‘species’ in fossil plants, 
to me these indistinguishable specimens of different age are the same species. 

Those species of ferns common to the Greenland Rhaeto-Liassic and the York- 


* University of Reading, Great Britain 

1) Harris, T. M. 1937. The Fossil Flora of Scoresby Sound, East Greenland. Medd. om Gr¢nland, 
Bd. 112. Nr. 2 (Earlier references are given). 

2) Harris, T. M. in preparation. Catalogue of the Yorkshire Jurassic Flora. 
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shire Lower Oolites are :— 
Todites williamsoni (including 7. goeppertiana) 
Todites princeps (including 7. leckenbyz) 
Phlebopteris poly podioides (including P. affiinis) 

There is also Selenocarpus muensterianus, unknown in Greenland but of the 
German Liasso-Rhaetic and now found in Yorkshire. 

T. williamsoni may range even further for similar ferns are known from the 
Middle Trias and Upper Jurassic but they have not been studied microscopically. 
Although outside this comparison, I would mention that certain ferns of the Lower 
Oolite extend into the Lower Cretaceous, namely :— 

Matonidium goepperti Phlebopteris woodwardi 
Phlebopteris dunkeri Hausmannia dichotoma 

The two last appear at some stage in the Lias of Bornholm. 

These statements involve personal judgment about various unequally known 
specimens and some authors would give different ranges. They are merely my 
judgment; which I can summarise hy saying that a good many fern species lasted 
for about half the Jurassic but few, if any, Gymnosperms lasted so long. 


3. Comparison by families 


A. Marattiaceae. This family seems to have declined catastrophically at about 
the end of the Trias; in the Rhaetic we still see a few Asterotheca species and 
Danaeopsis, but by the Lower Lias there is only Marattiopsis which persists into 
the Jurassic. There is one Marattiopsis species in Greenland and a very similar one 
in Yorkshire. Like many species of Angiopteris (but not Marvaitia) they show fibrous 
strands between the veins. 

Nathorstia is usually included in the Marattiales and two Yorkshire ferns were 
once referred to it (by Hirmer and Hoerhammer) but I believe they are true species 
of Phlebopteris and belong to the Matoniaceae. Balsam transfers indicate that they 
have sori of separate sporangia. and not synangia. ‘The Cretaceous species of 
‘ Nathorstia’ deserve re-examination by this method. 

B. Osmundaceae. This family is heavily represented in Greenland by six species 
and five in Yorkshire. In each flora there is one, rare, Osmunda-like form and all 
the others have fertile pinnules like Todea. There are, however, differences for as 
Thomas first pointed out the sporangia in T. williamsoni (and indeed in all Jurassic 
species examined) have a larger and more apical group of thick walled cells. These 
Jurassic Todites species fall into three groups; one with more or less Neuropterid 
venation (including JZ. williamsoni, one with purely Pecopterid venation and 
rather specialised fertile pinnules ‘Cladotheca’ and finally T. princeps with 
Sphenopterid pinnules showing anadromic branching an unusual feature in Jurassic 
or older ferns. 

Cladophlebis (or Todites) denticulatus deserves special mention for its supposedly 
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wide distribution. It was described from really excellent Yorkshire specimens in 1828, 
and then as other Mesozoic floras came to light more or less similar fragments were 
referred to it. Later good Cladophlebis leaves were discovered in these floras and 
distinguished as new species, but the indeterminable fragments were left in C. dentz- 
culatus which has thus become a repository for rubbish; I suppose all early described 
fossils are in danger of this. I have no idea now many of the 50 or so localities 
from which C. denticulatus has been recorded really contain it, certainly none 
outside Yorkshire disclose the characteristic fertile leaf. I am sure that vigorous 
search for fertile leaves would help. They are seldom conspicuous fossils and the 
sporangia are nearly always concealed, waiting to be exposed as a balsam transfer. 

C. Matoniaceae. This family maintained or even improved its position during 
Liassic time; in Greenland there are three species, (but some others elsewhere in 
Europe) and in Yorkshire there are six; though as mentioned earlier two of these 
have on occasion been included in Nathorstia and referred to the Marattiales. In 
this family also balsam transfers of fertile leaves give most interesting results. They 
prove that the placenta in some species of Phlebopteris is flat, in others it is more 
prominent that Hirmer and Hoerhammer had reason to suppose and in P. woodwardi 
its end is distinctly expanded (exactly as in their diagram of Matonidium, while in 
Matonidium itself it is much further expanded than they supposed and agrees with 
the living Matonia pectinata. The genera will presently need to be revised, and it 
is clear that if evolutionary enlargement of the placenta occurred in the family, it 
was completed rather early. 

D. Dipteridaceae. This family has two very different sections. One the Cam- 
ptopterideae declined drastically during the Lias for in Greenland it has six species 
some very common, but in Yorkshire there are but two, both infrequent. This 
decline seems general, for there are few if any species younger than Middle Jurassic. 
These two Oolitic species are very like Rhaeto-Liassic species, thus there is no 
evidence of evolution but only of extinction. 

The other section called the Dipterideae has Hausmannia alone, a genus sparingly 
represented in both floras. Hausmannia sporangia demand further study now we 
have the transfer method. None of the fertile fragements I have seen retain sporangia, 
but specimens are known which certainly have them. The spores (at present unde- 
scribed) should be interesting, I believe Dipteris spores are wedge shaped and 
have a perispore; those of the Camptopterideae are triradiate and smooth. 

E, Schizaeaceae, This small family is unrepresented in Greenland (but one or 
two species do occur in the German Rhaeto-Liassic), while in Yorkshire there is the 
well known KAlukia exilis and also Stachypteris spicans which on reinvestigation 
appears to be close to Lygodium and has nothing to do with the Loxsomaceae. 
This family has most characteristic spores and I am told (by Mr. A. Couper) that 
isolated spores of unknown Schizaeaceae occur widely through the Jurassic. 


F. Gleicheniaceae. This family may be represented in the Palaeozoic by Oligo- 
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carpia but in the Rhaetic and Jurassic if truly represented at all is veryrare. There is 
one species known from small fragments (and therefore not very securely deter- 
minable) from Greenland, nothing whatever from Yorkshire. It suddenly becomes 
abundant in the Cretaceous, as though invading from some other region. 

G. Dicksoniaceae. The rise of this family during the Liassic is spectacular. 
There is not one species in Greenland nor so far as I know in any Rhaeto-Liassic 
flora. In the Yorkshire inferior oolite there are ten species, some very abundant 
and some of these appeared rather earlier, during the Liassic of Bornholm. The Dick- 
soniaceae is thus an invading family and not a natural development of any earlier 
ferns we know of. 

The modern Dicksoniaceae is divided into the Thyrsopteroideae and the Dicksoni- 
oideae and this I believe (with some reservations) to be true of the family in the 
Jurassic but the relative proportion of the two sections is reversed. The Thyrsop- 
terideae (with a nearly round sorus and indusium) have eight species in Yorkshire 
but the Dicksonioideae (with a two-valved indusium) has only two species and both 
are rare. Both appear to be just like the modern genus Dicksonia (sensu lato) but 
there is not the information on which to compare it with the three subgenera now 
recognised. 

I suspect that the very incompletely known ferns called Gonatosorus may belong 
to Dicksonia, for fossil Dicksonia sori look like the figures of Gonatosorus when 
imperfectly exposed. This could be cleared up by transfers. 

The Thyrsopterideae are taxonomically difficult, and the preparation of spores 
and transfers does not fully penetrate the difficulty but rather takes one further 
into it. Two species stand apart, Eboracia lobifolia with a cylindrical indusium and 
Coniopteris arguta with a cup-shaped indusium and long placenta; it also seems 
worthy of generic rank. The remainder are at present included in Coniopteris (a 
genus of remarkably illegitimate origin even among fossil plants). 

They form a series ranging from C. murrayana which Brongniart designated as 
Type toC. hymenophylloides at the other extreme. Brongniart described Sphenopteris 
murrayana in 1834 and included in it a fertile leaf with a superficial Aspidium-like 
sorus which I believe distinct, and which was presently lost to sight. In 1849 when 
he made Coniopteris he referred the fertile fragments Tympanophora simplex of Lindley 
and Hutton (1835) to it, again wrongly asI believe. It proves that C. murrayana is a 
fern with a large broadly triangular leaf. The fertile pinnules are only slightly reduced 
and bear small flattened sori. The indusium though flat is continuous and the 
minute placenta bears few sporangia, only two or three being ripe at the same time. 
At the other extreme C. hymenophylloides has narrow leaves, the fertile pinnules 
are strongly reduced and bear fairly large cup-shaped sori. The placenta bulges 
and bears about fifty sporangia which ripen together. 

Other have treated these ferns very differently. Rather recently (1944) Kobaya- 
shi and Yoshida described a Manchurian leaf very like Coniopteris burejensis as 
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Odontosorites heereanus comparing it with living species of Odontosoria. The main 
difference between Dicksonia and Odontosoria (and several other genera of the 
Lindsayeae) is in the annulus which in Lindsaya is interrupted by the stalk but 
in Dickonsia continues past it. In the fossils this is most difficult to demonstrate 
even with transfers, because in the intact sorus each sporangium overlaps the base 
of the next and the lower ones are hidden by the indusium. Loose but associated 
sporangia may show a continuous annulus but their attribution is debatable. It is 
always thus in fossil botany, the point at which evidence fails is the one where its 
need seems greatest. 

Others have placed Coniopteris-like ferns in Davallia, for instance Teixeira who 
described a lower Cretaceous species looking very like C. hymenophylloides as 
Davallia alfeizeranensis. This may be correct, but here proof should be much more 
easily obtained. The spores of Davaliia are bilateral as in most other recent ferns 
but in Dicksonia, Odontosoria and Coniopteris and its allies they are very different, 
being three rayed. 

This Mesozoic fern group deserves much wider attention. Transfers of sori and 
spore preparations may not give all we want, but they give much and their use in 
other floras may well throw light on the origin of many of our modern ferns. 

H. Aspidioid ferns. Very few Jurassic ferns have sori at all like those of the 
Aspideae, and even Cyatheaceae (without the indusium) are very few till the Creta- 
ceous. However, Brongniart (1828) figured one Yorkshire fragment where such a 
sorus is suggested, referring it though wrongly to Sphenopteris murrayana. The 
species has been found again, direct observation shows no more than Brongniart’s 
figure but transfers reveal a round sorus of numerous, small sporangia covered by 
a slightly excentric indusium intermediate between that of a typical Polystichum 
and a typical Nephrodium. The sporangia contain 48 spores, again I cannot be 
certain whether the annulus continues past the stalk. One fact conflicts with classi- 
fication among the aspidioid ferns, the spores are smooth and triradiate and not 
bean-shaped and rough as would be expected. The spores are more like those 
of Coniopieris and such modern genera as Cyathea, Dicksonia and the Lindsayoi- 
deae. Apart from this I would have referred this Yorkshire fern without reserva- 
tion to the Aspideae and possibly have expressed views about the evolution of the 
indusium. In any case it is at present isolated, its position may be clear when 
transfers are made of fertile ferns of other floras and it begins to have allies. 

I. Unassigned ferns. In all floras there are fern species which are only known 
from sterile material and therefore placed in form genera and only classifi- 
able by a rash guess. In both the floras I am comparing there are three of these 
species, mostly Pecopterid (Cladophlebis) but in Yorkshire there is one Sphenopterid 
fern with a delicate lamina one cell thick as in Hymenophyllum. 

In these floras the percentage of these disgraceful species is about ten per 
cent, the fact that it is so low is due largely to the transfer method which reveals 
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good sori on seemingly unpromising material. It is too much to hope that we shall 
ever eliminate all unassigned ferns for there are always the rare species known 
only from a single specimen which happens to be sterile; but I see no reason why the 
figure should ever be much higher than this ten per cent. 


4. General conclusions 

A. Number of species. A point which the Yorkshire ferns has forced on my 
attention is that the number of recognised species in the flora tends to diminish as 
work proceeds. In 1875 Phillips recognised some 45 species in the Yorkshire flora. 
In 1900 Seward reduced them to fifteen, rightly as I think in nearly all cases. The 
fifteen additional species represent new discoveries, the result of much hard work. 
Transfers and spore preparations are particularly useful here for while pinnules 
vary in different parts of a leaf, epidermal hairs and spore forms do not. It is quite 
otherwise with Gymnosperms, cuticle preparations reveal unsuspected differences. It 
follows that the number of species in floras invesnigated by different methods are 
hardly useful for comparison. The number of species in the Yorkshire and Green- 
land floras, recognised by me is, however, rather similar (30 Yorkshire, 23 Green- 
land). Doubtless this Greenland figure would be increased if the amount of rock 
examined had been as great as in Yorkshire. 

B. Principal changes. While certain families (Osmundaceae and Matonicaceae) 
roughly maintained their position through the Liassic, others (Camptopterideae) 
lost heavily and are approaching extinction while one at least, the Dicksoniaceae 
surges in like ‘an invader. We know nothing of the origin of this family, it first 
appears at approximately Middle Jurassic times in many parts of the world and 
very quickly reaches full development. In a very small way its rise recalls the 
rise of the Angiosperms in the Cretaceous. Indeed it seems true of many families 
or at least of the way they play their parts in public. 

C. Evolution. The extinction of some species and their replacement by new ones 
has more the appearance of invaders surplanting an aboriginal population than 
gradual evolution. I have looked hard for evidence of gradual morphological change 
but have not found it. Among species which I regard as common to Greenland 
and Yorkshire, there is Phlebopteris polypodioides in which secondary vein meshes are 
perhaps a little commoner in Oolitic than in Rhaetic specimens, but there is certainly 
no great difference. In Todites williamsoni pinnules with wavy margins are certainly 
commoner in Yorkshire than in the Greenland Rhaetic. I suspect that this difference 
may be more like that separating geographical races of a species than a difference 
caused by time because the material from the Rhaetic of Tonkin is slightly different 
again, specimens with rounded fertile pinnules being remarkably prominent. These 
differences seem trifling; they look as though they might be shown to be statistically 
significant by suitable analysis but this does not make them worthy of specific rank. 
These differences have nothing to do with the major morphological changes which 
must have happened in the evolution of the modern fern genera. 
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Introduction 


In the past, it has been assumed that the expression of various hues and shades 
of anthocyanin coloration in rice plant necessitates the existence of a modifier which 
controls the color intensity in addition to the chromogen and its modifier, which in 
turn converts chromogenic substance to anthocyanin (Nagai 1921, Yamaguchi 1926, 
Chao 1928, Jones 1930 etc.). 

However, the authors have not yet arrived at the occasion where any other in- 
tensifying modifier is required, so far as our cross experiments are concerned (Nagao 
and Takahashi 1947, 1951). A detailed account on this interpretation, being tedious, 
is abridged here, and is summarized as follows. 

According to the authors’ genic scheme, anthocyanin coloration depends on the 
complementary effect of gene C and Sp. The C is responsible for the formation 

ot chr omogen, and the gene Sp exerts its modifying effect on C and turns the 
chromogen to anthocyanin. Five alleles, C2 >C8*>C5t >C8r>Ct, have been dis- 
covered at the C locus and three, Sp>Sp¢>Spt, at the Sp locus. Therefore, the 
expression of anthocyanin color character can be said to be determined by the com- 
bination of alleles of the C and Sp loci. The following is the relation of hue and 
shade arranged according to color intensity in the ascending order. 
YHOO os val oie ann ccsipon TOU) sealanmnasaea sake EN sas Cape ee oe ee 
C8 Sp> C5? Sp> C8Sp4 > CB? Spd > CBt Sp> CBr Sp> SBt Spd > CBr Spa> Spt 

Coloration occurs primarily in the glume apex, namely the apiculus, as a result 
of the interaction of the said two kinds of genes; and thereupon if the gene Rp, 
Pl or Pn, which are regarded as the distributing modifier for anthocyanin colora- 
tion, coexist with C and Sp; the glume, the leaf or the node are also colored with 
anthocyanin respectively. 


* Contribution from the Plant Breeding Institute, Faculty of Agriculture, Hokkaido University. 
** Plant Breeding Institute, Faculty of Agriculture, Hokkaido University, Sapporo, Japan. 
AAS RAR ARFAS 
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To take an objective view of genic interpretation on these colorations, it is 
necessary to investigate not merely an account of the genic analysis of their charac- 
teristics by means of hybridization experiments, but also consideration of the bio- 
chemical analysis of the said characteristics. In the present paper the authors 
intend to deal with some chemical natures on anthocyanin coloration due to the 
presence of C, Sp and their modifiers Rp, Pl and Pn. 

Before going further, the authors wish to express their gratitude to Prof.Y.Naka- 
mura, who has tendered many suggestions from his speciality, and Dr. K. Hayashi 
for the use of an authentic specimen which was exceedingly valuable in identification 
of the anthocyanin concerned. Expense of this work was partly defrayed froma 
grant for Fundamental Scientific Research of Ministry of Education. 


Materials 


The details are given in the sections of experimental results, but in general the 
investigation was accomplished using strains which have been bred true for colora- 
tion with regard to the C and Sp series of multiple allelomorphic genes and their 
distributing modifiers, and in a few cases some genotypic individuals derived from 
one F2 population were used. 


Experimental Results 


I. In order to determine whether various color intensities, 7. e. blackish purple 
to rose pink, are caused by identical anthocyanins or not, several genotypes in 
connection with C and Sf alleles were examined by means of paper chromatogra- 
phic method. 

The glume apices and their awns were taken and collected two to three days 
after flowering, and the anthocyanins contained in above parts were extracted with 
1% solution of hydrochloric acid. ‘The extracted solutions were spotted on filter 
papers (No. 50 of Toyo Roshi Co., Ltd.) and dried at 26°C. Separation of anthocy- 
anins was conducted by the use of a mixture of z-butanol, glacial acetic acid and 
distilled water in a ratio of 4:1:2, as advocated by Bate-Smith (1948). After one 
dimensional separation of the extracts, the filter papers were dried at room tempera- 
ture, and Rf values of anthocyanins were observed and calculated. The results are 
as shown in Table 1. 

In this table it is pointed out that almost all genotypes show similar values of 
Rf, ranging from 0.41 to 0. 43. 

The same Rf values were obtained in the extracts from another colored parts 
in which the localization of color depended on the presence of distributing genes Rp, 
Pl and Pn, under the coexistence of fundamental apiculus genes C and Sp. This 
result is given in Table 2. 
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Table 1, Ré£ values of anthocyanins extracted from apiculus and awns of different 
genotypic individuals or strains (some combinations of alleles of the C 
and Sp loci). : i 
ae Hue a shade bear Part selects Rf 
sag ag color!) population no. examination value 
A-2 apiculus and awns 0. 42 
CB Sp Blackish purple 
A-58 ” " 
A-107 " 0. 41 
CBP Sp Pansy purple 
A-77 apiculus 0. 43 
CB Spd Aster purple A-18 " 0. 42 
CBP Spa Amaranth purple A-83 ” " 
CBr Sp Rose red A-5 apiculus and awns ” 
“1! Refer to Ridgway’s Color Standards. 
Table 2. Rf values of anthocyanins extracted from organs other than 
apiculus and awns. 
Distri- Mode of color . Strain or Part selected 
buting distribution per population for Rf 
modifier by modifier ERPOLYpe no. examination value 
Entire glume CB Sp A-58 glume 0. 42 
Ro and pebeneeiy WVHA EF 
rachilla CBP Sp A-107 ” 0. 43 
CB Sp D-25 leaf blade 0. 42 
"” " 
A-77 
Entire leaf blade and io Speak L! 
Pi sheath, ligule, pulvinus, CRP Sp node 0.43 
auricle, stem and node 
A-38 leaf blade 0. 42 
N-45 " " 
CB Spd N-4 " ” 
A-65 leaf margin 0. 41 
” 0. 42 
Leaf margin, leaf sheath, A2 
Pn pulvinus, auricle and CB Sp i ligule " 
node node 0. 41 
leaf margin ” 
A-58 Pehla Sa 


node 
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These two results lead the authors to the conclusion that there is no differences 
among the several genotypes in regards to the quality of anthocyanin concerned. 


II. Further, to clarify an aglucone of this anthocyanin, the colored leaf blade 
with the genic constitution of C? Sp Pl was collected at a time slightly before pan- 
icle emergence and was ground into flinders. Extracted solutions of 1% hydrochloric 
acid were taken from the flinders and were treated according to the qualitative 
analysis of aglucone offered by Robinson and Robinson (1931). The water solution of 
aglucone, the resulting hydrolysed substance, shows the following results of examina- 
tion. 

i) The sample shows a violet color when sodium acetate is added to its amyl 
alcohol extract and ferric chloride changes the said violet to dark blue. 

ii) The sample is fairly stable in a solution of 10 % sodium hydroxide. 

iii) A small portion of aglucone is extracted when the solution is shaken with 
an equal volume of a mixture of cyclohexanol (1 vol.) and toluene (5 vols.). 

iv) And it is also extracted, to a certain extent, in a 5 % solution with an equal 
volume of amyl ethyl ether (1 vol.) and anisol (4 vols.). ; 

Identical results are obtained from materials from genotype C?? Sp Pl, using 
the same methods. 

Therefore, these results seem to indicate that the anthocyanin, which is present 
in rice plant, and which depends on the multiple allelomorphic series of gene, C and 
Sp, has cyanidin as its aglucone. 

Ill. For verification of this assumption, the aglucone of anthocyanins extracted 
from the genotypes of C® Sp Pl and CS Sp Pl were paper-chromatographically 
identified, and compared with cyanidin specimen, by means of Hayashi and Abe’s 
method (1952). A mixture of iso-amyl alcohol, 36 % hydrochloric acid and distilled 
water in a ratio of 5:1:1, and Toyo No. 50 filter paper were used for this purpose 
with the temperature at 25° C. 

According to this one dimensional paper chromatography the Rf values of all 
samples invariably show the same values of 0.63-0.64, which are equal to that of 
the cyanidin specimen; Rf=0. 63. 


Considerations 


It has been reported that at least one of the aglucones involved in rice anthocyanin 
is identified as cyanidin by Hayashi (1944). However this study was carried out 
from chemical point of view, by using purple leaf blades of only one type of colo- 
ration in so-called “ Murasaki-ine”. It is unfortunate that the genic constitution of 
Hayashi’s sample is not ascertained. 

The authors have made previous studies on anthocyanins in various parts of 
rice of several Wanctynes or genic constitutions with regard to the C-chromogen, 
Sp-modifier and their distributing genes Kp, Pl and Pu, and determined that these 
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anthocyanins were the same, with no qualitative differences in spite of numerous 
variations in color, hue and shade or localization of colors. 

And it is emphasized that the aglucone of this anthocyanin was identified to 
be cyanidin, without exception. 

On the whole, therefore, the authors have arrived at the conclusion that the 
differences of the affection of allelomorphic genes C2, C3?, C3!, C8r anb C* are to 
be regarded as quantitative, and the same should be considered to hold in the case of 
Sp, Sp¢ and Sp*, though more detailed analysis extending over all genotype combi- 
nations would be necessary to determine this opinion conclusively. 


Summary 


1. The anthocyanin pigments contained in rice plants were analysed by means 
of paper chromatography, and it was revealed that the said anthocyanins were the 
same with no qualitative differences within the combinations of color genes, and 
hues and shades of colors as specified above. 

2. The aglucone of this anthocyanin was identified as cyanidin. 
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It has been previously reported by the author (Sy. Sato 1954)*** that the srerma- 
tozoid of Conocephalum conicum, a species of Hepaticae, possesses a filamentous 
appendage which can be seen with the help of the electron microscope. This filamen- 
tous appendage is a long tape along the spermatozoid-body, measuring 0.2m in width. 
It can not be observed in the specimens fixed with vapor of 2 per cent OsQ, solu- 
tion nor with 4 per cent formalin, because it adheres firmly to the spermatozoid- 
body. In the specimens treated with hot water, ammonium vapor, or ultra-sonics 
under a living state, the filamentous appendage is exposed from the body of the 
spermatozoid, and becomes discernible under the electron microscope. In the unfixed 
specimen, sometimes, the filamentous appendage parts from the body of the sper- 
matozoid thus comes into sight. Thus the filamentous appendage is a fine and 
delicate substantial which can not be detected by means of the light microscope, but 
can be seen under the electron microscope. 

In the present paper, it will be reported that a similar filamentous appendage 
which is found in the spermatozoid of Conocephalum conicum exists generally in the 
spermatozoids of many other species of Hepaticae. 


Materials and Methods 


The following eight species belonging to three orders of Hepaticae were ex- 
amined : 


Metzgeriales : Pellia fabbroniana Raddi 
Makinoa crispata (Steph.) Miyake 
Marchantiales: Marchantia polymorpha L. 
Conocephalum supradecompositum (Lindb.) Steph. 
Wiesnerella denudata (Mitt.) Steph. 
Dumortiera hirsuta (Swartz) Reinw. Bl. et N. ab E. subsp. 
tatunot Horikawa 
Anthocerotales: Phaeoceros laevis (L.) Proskauer 
Notothylas japonica Horikawa 


* Contributions from the Divisions of Cytology and of Genetics, Botanical Institute, Faculty 
of Science, University of Tokyo, No. 363. 
** Botanical Institute, Faculty of Science, University of Tokyo, Tokyo, Japan. 38 5t(KAtuHAeYBAR 
Ny BE 
*kk Satd, Sy., Jour. Hattori Bot. Lab. 12: 113-114 (1954) 
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The spermatozoids of these liverworts were generally fixed with vapor of 2 per 
cent OsQu solution for the observation of each normal form. In order to examine the 
presence of the filamentous appendage, the spermatozoids were allowed to dry without 
fixation, or were treated with hot water. Specimens for the electron microscope 
were prepared in the usual way by drying a drop of the suspension of the sperma- 
tozoids on a collodion film. The shadow casting was done with chromium. The 
electron microscope employed was a Hitachi HU-4 type installed in the Laboratory 
of Electron Microscopy of the University of Tokyo. 


Results and Discussion 


Conocephalum suprvadecompositum—This species is closely related to Conocephalum 
conicum. It differs from C. conicum in having a smaller gametophyte, and it matures 
in autumn in contrast to the spring for C. conicum. The body Jength of the spermato- 
zoid in these two species differs significantly : that is the body length of C. suprade- 
compositum is about half long that of C. conicum. A filamentous appendage similar to 
that observed in the spermatozoid of C. conicum was also detected in the spermato- 
zoid' of C. supradecompositum under the electron microscope in the present study. This 
filamentous appendage does not appear in such specimens fixed with vapor of OsO, 
solution or formalin, but it can be seen in specimens treated with hot water, because 
the filamentous appendage attached originally along the spermatozoid-body, remains 
after the destruction of both nucleic and cytoplasmic portions of the spermatozoid- 
body with this treatment. The filamentous appendage is not destroyed by hot water, 
but its original form is preserved. 

The filamentous appendage of C. conicum was a long tape, about 0.2 in width, 
which originates from the blepharoplast and is attached along the spermatozoid- 
body (nucleic portion and cytoplasmic portion) lengthwise (Fig. 1). The filamentous 
appendage of C. supradecompositum has a similar shape, but a slightly less width, 
0.164 (Fig. 2). 

Marchantia polymorpha—The spermatozoids of this species are obtained com- 
monly from spring to autumn in Tokyo. In specimens of the spermatozoids fixed with 
vapor of 2 per cent OsQ, solution or with 4 per cent formalin, the filamentous app- 
endage could not be detected. However, when specimens were treated with hot 
water, the filamentous appendage exposed itself clearly and remained after the nucleic 
and cytoplasmic portions were dispersed by hot water. This filamentous appendage 
is also a long tape, about 0.24 in width like C. conicum (Fig. 3). 

Wiesnerella denudata—The spermatozoids of this species mature in spring. In 
specimens fixed with vapor of 2 per cent OsQ, solution or with 4 per cent formalin 
the filamentous appendage does not appear as in Marchantia polymorpha, but, it 
becomes visible after the nucleic portion has swelled and is destroyed naturally in 


the unfixed specimens. This filamentous appendage is also a long tape, about 0.254 
in width (Fig. 4). 
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Dumortiera hirsuta subsp. tatunoi—The present sample was an intraspecific 
polyploid of Dumortiera hirsuta, triploid (n=27), collected by the present author at 
Zinmuzi in Miura Peninsula and determined by Dr. S. Hattori. In the spermatozoids 
of this triploid plant are there two types; one has two flagella, and the other has 
four flagella. Irrespective of the types, each spermatozoid had a long tape like fila- 
mentous appendage, about 0.25-0.354 in width (Figs. 8 and 9). The spermatozoids 
of liverworts have generally two flagella, so that it is interesting that D. hirsuta 
subsp. tatunot produces two types of spermatozoids as above mentioned. The fila- 
metous appendage is one in both spermatozoids. Comparative morphological studies 
of the spermatozoids in triploid plant as well as that of haploid and diploid plants 
will be reported elsewhere. 

Makinoa crispata—The spermatozoid of this species is the largest one in liver- 
worts, having 70u in body-length. This filamentous appendage is a long tape, about 
1-1.2 » in width (Fig. 5). Fig. 5 shows a part of a spermatozoid near the blepha- 
roplast, and shows that the filamentous appendage originates from the blepharoplast 
and separates from the spermatozoid-body by chance. It was found that the fila- 
mentous appendage of this plant is wider than the nucleic portion near the blepha- 
roplast, and the filamentous appendage is very thin. 

Pellia fabbroniana—The spermatozoid of this species belongs also to the largest 
in liverworts such as Makinoa crispata. It is about 70“ in body-length. It seems 
that this filamentous appendage does not separate easily from the body of the 
spermatozoid. Fig. 6 shows that a filamentous appendage separated partially from 
the body. In the specimens treated with hot water, the width of the filamentous 
appendage was about 0.44. This is small exceedingly as compared with that of 
Makinoa crispata. 

Notothylas japonica and Phaeoceros laevis—The form of the spermatozoids of 
Anthocerotales is very different from those of the other orders, Marchantiales and 
Metzgeriales. The spermatozoid-bodies of N. japonica and P. laevis show a long 
dumb-bell shape, and each nucleic portion has a slender portion which scarcely stains 
with Feulgen reaction or Heidenhain’s iron alum hematoxylin. The nucleic portion 
attaches a blepharoplast to its front part, and attaches a cytoplasmic portion to its 
posterior respectively. The filamentous appendage exists in both N. japonica and 
P. laevis, and the form is tape like, about 0.124 in N. japonica (Fig. 7) and about 
0.08 in P. laevis. 

The spermatozoids of nine species of three orders in Hepaticae have been ob- 
served by means of the electron microscope. And it becomes clear that the filament- 
ous appendage exists in the spermatozoids of liverworts without exception so far, 
and that it originates in the blepharoplast streching along the nucleic and cyto- 
plasmic portions forming a long tape. Previously it was found by the present 
author that the filamentous appendage of the spermatozoid of C. conicum is com- 
posed of ten fine fibrils (unpublished). In the present study it was also found that 
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the filamentous appendage of other species among liverworts most probably consists 
of many fibrils, the number of which could not be confirmed yet. 

It is obscure as yet what function the filamentous appendage has. This struc- 
ture may serve to support the structure of the spermatozoid-body. 

The chemical differences between the filamentous appendage and flagellum of 
the spermatozoid of C. conicum have not yet been made clear, but morphologically 
from the electron microscopical observations, the flagellum is composed of eleven 
fibrils forming a cylindrical array, and the filamentous appendage is composed of ten 
fibrils which keep side by side in a plane. The width of the fibrils of the filament- 
ous appendage differs significantly from that of the flagellum. This will be ex- 
plained in the future. It is a question whether the presence of the filamentous appen- 
dage is specific to the spermatozoids of liverworts or universal in plants, mosses 
and ferns. This is now under investigation. 


Summary 


The filamentous appendage similar to that found in the spermatozoid of Cono- 
cephalum conicum has been confirmed in the following eight species belonging to 
three orders of Hepaticae: Metzgeriales: Pellia fabbroniana, Makinoa crispata, 
Marchantiales: Marchantia polymorpha, Conocephalum supradecompositum, Wies- 
nerella denudata, Dumortiera hirsuta subsp. tatunoi, Anthocerotales: Phaeoceros 
laevis, Notothylas japonica, 


The author wishes to express his thanks to Dr. N. Tanaka for his encouragement 
and helpful suggestion, and to Dr. S. Hattori of the Hattori Botanical Laboratory 
for his suggestion and determination of the plants used in this study. The author 
is deeply indebted to Mr. S. Sakata who operated the electron microscope. This 


investigation was supported by a reseach grant from the Fuju-kai Research En- 
couragement Fund. 


Explanation of Plates 


Electron micrographs of spermatozoids of Hepaticae. Chromium shadowed. A: Filamen- 
tous appendage, B: Flagellum, C: Spermatozoid-body. Scale shows lp. Plate IX. Fig. 1. Cono- 
cephalum conicum. Treated with hot water. A filamentous appendage(A) remained along the 
spermatozoid-body(C) which dispersed due to the treatment of hot water. Fig. 2. Conocepha- 
lum supradecompositum. Unfixed specimen. When the spermatozoid is allowed to dry without 
fixation, it is destroyed partly, and a filamentous appendage separates from the body. Fig. 3. 
Marchantia polymorpha, Treated with hot water. Fig. 4. Wiesnerella denudata. Unfixed specimen. 
Plate X. Fig. 5. Makinoa crispata. Unfixed specimen. Part of a spermatozoid near the blepharo- 
plast, showing a wide tape like filamentous appendage(A). Fig. 6. Pellia fabbroniana, Unfixed 
specimen. Part of a spermatozoid does not separate completely from the body, seen as the fin. 
Fig. 7. Notothylas japonica. Unfixed specimen. Showing a body of a dumb-bell like shape and 
a filamentous appendage(A). Figs. 8 and 9. Dumortiera hirsuta subsp. tatunoi. Treated with hot 
water. Fig. 8 shows the spermatozoid having two flagella attached to it, and Fig. 9 shows the 
spermatozoid having four flagella. Each has a filamentous appendage. 
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Sy. Sat6: Filamentous appendage in the spermatozoids of Hepaticae. 


Plate X 
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Sy. Sat6: Filamentous appendage in the spermatozoids of Hepaticae. 


The Embryogeny of Cupressus funebris Endlicher 


by Yosinori SUGIHARA* 
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In the previous report (Sugihara, 1956), it was described that the embryogeny 
of Cupressus sempervirens L., the type species of the genus Cupressus, is a new 
type in the conifers. From a study on Cupressus funebris it was found that its 
embryogeny decidedly differs from that of C. sempervirens, previously studied. 

The material used in the present work was collected from a tree cultivated in 
the Experimental Forest of the University of Tokyo at Amatsu, Chiba Prefecture. The 
technique used in this study is the same as that employed in the previous work. 

The archegonia are grouped together in a complex manner at the apex of the 
prothallium. On the outside of the archegonial complex a single layer of jacket 
cells is found. Such a common jacket layer is usually found in Chamaecyparis (Sugi- 
hara, 1938), but is not formed in Cupressus sempervirens (Sugihara, 1956). On the 
outside of each archegonium in C. sempervirens there is found a layer of thick wall, 
but in C. funebris as in Chamaecyparis such a thick wall is not formed. 

The fertilization takes place in the middle of July. The contact of the male 
and female nucleus takes place at the upper part of the archegonium (Fig. 1). The 
female nucleus is distinctly larger than that of the male. They are wrapped in a 
coarse granular cytoplasm. The fertilized nucleus soon divides into two nuclei (Fig. 
2). Both daughter nuclei divide synchronously twice to form eight free nuclei (Fig. 
3). Then, the first wall formation takes place in the proembryo, thus the proem- 
bryonal free nucleate condition comes to an end at the eight nucleate stage. The 
resulting eight cells are disposed in two tiers (Fig. 4), of which those in the upper 
tier have no wall towards the archegonial cavity. In the next stage the cells of 
such proembryo divide into 16 cells and they are disposed into three tiers (Fig. 5). 
The uppermost tier is the open cell tier, and degenerates to a later stage while the 
middle tier of 4 to 6 cells, elongates to form the prosuspensor and the lowest tier 
with 6 to 8 cells, is the embryonic tier. At this stage the proembryonal develop- 
ment comes to an end. Then, the prosuspensor begins to elongate (Figs. 6-8). 
After considerable elongation of the prosuspensor each units at the tip of the pro- 
suspensor divides transversely into two cells (Fig. 9). Of the two daughter cells 
the one which lies next to the prosuspensor begins to elongate to form the primary 
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Figs. 1-11. Fertilization and embryo in Cupressus funebris. 


1, Fertilization (x 600). 2, Proembryonal first mitosis in anaphase (x 600). 3, Eight 
nucleus stage of a proembryo (x 600). 4, Eight cell stage of a proembryo (x 600). 
5, 16 cell stage of a proembryo (x 600). 6-7, Early stage of the prosuspensor elongation 
(x 120). 8, More advanced stage of the prosuspensor elongation (x 120). 9, Embryonic 
units divided into two cells at the tip of a prosuspensor (x 120). 10, Beginning of the 


elongation of the primary suspensor (x 120). 11, More advanced stage of the primary 
suspensor elongation (x 120). 
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suspensor (Figs. 10-11). As the result of this, the cleavage polyembryony takes 
place at the tip of the prosuspensor. The prosuspensor elongates not so long and 
the tip of it seems to become separated into individual prosuspensor cells. After 
the primary suspensor considerably elongates, it becomes separated easily from the 
tip of the prosuspensor. From the foregoing it may be seen that the development 
of the embryo in Cupressus funebris is identical with that of Chamaecyparis (Buch- 
holz, 1932; Sugihara, 1938), but not with that of Cupressus sempervirens (Sugihara, 
1956). Lawson (1907) states that in Cupressus sp. the proembryo of eight free nuclei 
is formed and Doak (1937) described that in Cupressus arizonica the proembryo 
of 16 cells is found. However, it seems to the present writer that their works on 
the proembryo reserve more room for study. 

In some species of Cupressus as, C. Goweniana (Juel, 1904), C. avizonica (Doak, 
1932), and C. sempervirens (Sugihara, MS), a large number of male gametes are 
formed in a pollen tube. But in C. funebris (Mehra and Sircar, 1949 ; Sugihara, MS) 
only two gametes are formed in a pollen tube as is found in Chamaecyparis (Sugi- 
hara, 1938). Some external characteristics of C. funebris are identical with those 
of the other species in Cupressus, but in certain other features with that of Chamae- 
cyparis. 

In conclusion, it is to be said that Cupressus funebris is an exception in the 
genus Cupressus. If it is to be held that embryology is taxonomically important, it 
may be suggested that the systematic position of Cupressus funebris should be recon- 
sidered. If may also be added that, from the results of embrylological study, C. 
funebris should be transferred from Cupressus to Chamaecyparis. However, until 
embryological studies of the other species of Cupressus have been undertaken 
definite conclusions must be reserved. 

Here the writer wishes to express his hearty thanks to Profs. T. Inokuma and 
S. Takahara and Assist. Prof. S. Watanabe, for their kindness during the writer’s 
collecting in the field. 


Summary 


In the proembryo of Cupressus funebris eight free nuclei are formed and then 
the first wall formation takes place. In the 16 cell stage, the proembryonal develop- 
ment comes to an end. The cleavage polyembryony is usually found. The embryo- 
geny of C. funebris is identical with that of Chamaecyparis, but not with that of 
C. sempervirens. 
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Development of the Leaf Margin in the Ericaceae* 
(A Preliminary Report) 
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According to Solereder(1899), it has been evidently observed by Ljungstrém(1883) 
that the revolute leaf in Erica is formed, not by the revolution of the margins 
of the lamina, but by the formation of two coherent pads along the margins of 
the lamina on the lower side of the leaf. Hagerup(1953) has recognized three 
fundamental types (the Rododendron leaf, the needle-shaped leaf, and the ericoid 
leaf) in the forms and the structures of the leaves in the Ericales, on the basis of 
the features of development of the leaves mentioned above. He emphasizes that 
the features of leaves in the Ericales are to be more sufficiently utilized in systematics 
and suggests that only the species which have the ericoid leaves should be placed 
in one independent family, that is, Ericaceae proper. 

During the course of a phylogenetical study of the Ericales on the basis of an 
extensive observation on the development of the foliage shoot, the writer arrived, 
in the explanation on the manner of the development of the foliage leaves, at somewhat 
different results from Hagerup’s observation. The following brief report is referred 
to this problem. 


It is appropriate for convenience 
that we apply the term evicoid leaf 
to the one which protrudes two pads 


A B on its lower side (Fig 1. A), and the 


Fig. 1: Diagrams of the ericoid leaf (A), and term volled leaf to the one which 
the rolled leaf (B). Dotted parts deve- 


iobuih Aitire as thet leaf Macey rolls up its margins toward its lower 
F side (Fig. 1. B). The term revolute 

leaf is also used, regardless to the 

manner of the development, to the 

leaf with the revolute margins, in- 

A B cluding both of the ericoid and the 

Fig. 2: Diagrams of the revolute leaf (A), and rots peaaetga arb), and ee 


the convolute leaf (B). Dotted parts convolute leaf to the one whose 
develop in future as the leaf margins. margins are convolute (Fig. 2 By. 
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Materials and Methods —Most materials were collected at the Nikko Branch, 
Botanic Gardens of University of Tokyo, Mt. Taro in Nikko, Mt. Hakkoda, and Mt. 
Nishikoma. Tsusiophyllum Tanakae was collected by Mr. H. Kanai at Mt. Ashitaka 
and Mt. Kinpu. 

The species used in the present study are as follows. 

Rhododendroideae: Daboecia cantabilina Koch; Ledum palustre L.; Lotseleuria 
procumbens Desvaux ; Menziesia ciliicalyx Maxim., M. pentandra Maxim. ; Phyllodoce 
aleutica A. Heller, P. nipponica Makino; Rhododendron Degronianum Carriére, R. 
japonicum Suringar, R. Kaempferi Planchon, R. Keiskei Miquel, R. indicum Sweet, 
R. macrosepalum Maxim., R. pulchrum Sweet, R. quinquefolium Bisset et Moore, 
R. semibarbatum Maxim., R. Tschonoskii Maxim., R. Wadanum Makino; Tripetaleia 
bracteata Maxim., T. paniculata Sieb. et Zucc.; Tsusiophyllum Tanakae Maxim. 

Arbutoideae: Andromeda Polifolia L.; Arcterica nana Makino; Arctous alpinus 
Niedenzu ; Cassiope lycopodioides D. Don; Chiogenes japonica A. Gray; Enkianthus 
perulatus Schneider; Epigaea asiatica Maxim. ; Eubotryoides Grayana Hara; Gaulthe- 
via adenothrix Maxim., G. Miqueliana Takeda; Harrimanella Stelleriana Coville; 
Leucothoe Keiskei Miquel; Lyonia Neziki Nakai et Hara; Pieris japonica D. Don; 
Tritomodon campanulatus F. Maekawa. 

Vaccinioideae: Oxycoccus quadripetalus Gilibert; Vaccinium Usunoki Nakai, V. 
Vitis-Idaea L. 

Ericoideae: Eyica tetralix L. 

Materials were fixed in FAA or Craf II, and dehydrated in normal butyl alcohol. 
Paraffin sections were usuaily cut at 10m, and stained with safranin and haematoxylin 
or fastgreen. 


Observation 


Rhododendroideae.—T7yipetaleia. In T. bracteata and T. paniculata, leaves are 
not revolute but show the convolute type throughout all stages of their development 
(Plate XI, Fig. 3). 

Phyllodoce. Leaves of P. aleutica and P. nipponica (Plate XI, Figs. 1. 2) show the 
typical ericoid type, as has been already observed by Hagerup. ‘The periclinal 
divisions in the subepidermal cells of the lower side of the leaf are observed obvious- 
ly in very earlier stages of the development, resulting the formation of the pads 
(Plate XI, Fig. 2). As shown in the plate, prominent glandular hairs are formed on 
true margins of the leaf. It may be able to recognize the relation between the 
formation of the glandular hairs and the declining activity of the submarginal 
initials of the ture margin of the leaf. 

Daboecia. The leaf of D. cantabilina assumes the type of the rolled leaf in its 
earlier stages of development. But, it can be observed that periclinal cell divisions 
in the lower side of the leaf as in the case of Phyllodoce appear in the first stage of 
development of the margins in which the rolled. parts begin to project from a some- 
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what flattened cylindrical primordial leaf, and it is certain that the derivatives from 
these divisions become the future margins of this leaf (Plate XI, Fig. 4). Thus, the 
development of the margins is obviously of the ericoid type, and in the later stages 
these margins develop so as to form the normal rolled leaf. After the leaf expands 
broadly in the matured stage, margins are also slightly revolute, but there remains 
no trace of the ericoid type. 

Loiseleuria. In L. procumbens, the leaf shows the rolled type throughout all 
stages of its development. It does not expand in its matured stage, but maintains 
the rolling (Plate XI, Fig. 5, two central leaves). 

Menziesia. The development: of the leaf of M. pentandra assumes generally the 
type of rolled leaf. However, when glandular hairs emerge on its margin in 
the earlier stages of its development, the periclinal divisions are apt to occur 
in cells of the lower subepidemal layer which are not the true submarginal initials 
(Plate XI, Fig. 6). Thus, it is certainly sure that the derivatives become new submar- 
ginal cells and develop hereafter toward the lower side of the leaf to form the rolled 
part. This relation of the periclinal divisions in cells of the lower subepidermal layer 
to the glandular hairs resembles to the case of Phyllodoce. In the leaf of M. pen- 
tandra the same periclinal divisions are also observed frequently in the place of no 
indication of the glandular hair. The development of the leaf of M. ciliicalyx is 
almost the same as in the case of the former species. In the bud the young leaves 
are to some extents revolute, but gradually lose this feature in the later stages. 

Tsusiophyllum.. The process of the leaf development in T. Tanakae is almost the 
same as in the case of Menziesia (Plate XII, Fig. 1). 

Rhododendron. The development of the leaf of Rhododendron assumes generally 
the type of the rolled leaf (Plate XII, Fig. 2). The periclinal divisions in the same 
position such as in Menziesia and Tsusiophyllum can be observed (Plate XII, Fig. 3). 
In Rhododendron, however, it is generally difficult to distinguish whether the deriva- 
tives of these divisions become functionally to the new submarginal initials or become 
merely to the mesophyll cells. In the bud the young leaves are to some extents 
revolute, but usually lose this feature gradually in the later stages of their develo- 
pment, though in a certain species they do not always lose their rolled feature in the 
matured stage. For example, the leaf of R. Degronianum strongly shows the revolute 
formin winter. The extremely rolled leaves in the bud are observed in R. semibar- 
batum (Plate XII, Fig. 4). | | 

R. Keiskei is an aberrant among the species of this genus in that the leaf is 
not revolute but shows the convolute type in its bud, though the margins of the 
leaf in the bud recurve very slightly toward the lower side (Plate XII, Fig. 5). 

Ledum. As is shown in Rhododendron, the development of leaf of L. palustre 
assumes the type of rolled leaf, and the same periclinal divisions such as in the case 
of Rhododendron can also be observed here. The matured leaf is slightly revolute. 

Arbutoideae and Vaccinioideae. The leaf margin in these subfamilies is not 
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revolute in the earlier stages of its development, but generally shows the convolute 
type, with only an exception of Andromeda Polifolia whose development of the leaf 
is almost the same with Ledum palustre (Plate XIU, Fig. 6). 

The species, which show the convolute leaves in the earlier stages of develop- 
ment, are observed inthe following genera, that is, Avctevica*, Arctous, Cassiope, 
Chiogenes, Enkianthus, Epigaea**, Eubotryoides, Gaultheria, Harrimanella, Leucothoe, 
Lyonia, Pieris, Tritomodon, Oxycoccus, and Vaccinium. The matured leaves of these 
genera also are not revolute commonly, but there are some species, whose leaves 
assume more or less the appearance of the revolute feature. They are Avcterica nana, 
Oxycoccus quadripetalus, and Vaccinium Vitis-Idaea. Furthermore, the leaf of 
Casstope lycopodioides shows a curious form in its matured stage (cf. Solereder, 1899). 

Ericoideae. The leaf of Eyvica tetvalix shows the ericoid type, as has already 
been observed by Ljungstrém, etc. 


Conclusive Summary 


On the basis of the development of leaf margin, Hagerup considers that Phy- 
llodoce should be separated from the other members of the Rhododendroideae, since 
Phyllodoce shows a form of the ericoid leaf, while others have flat leaves and if they 
have recurved leaves, they are true rolled leaves. He notes a close relationship among 
Phyllodoce, Erica, and Empetrum, in having the typical ericoid leaves. It is, how- 
ever, to be noticed that, in the present study, there are found some evidences of the 
ericoid type in the development of leaves in Daboecia, Menziesia, Tsusiophyllum, 
Rhododendron, and Ledum, in which the periclinal divisions occur frequently, in the 
earlier stages of the leaf development, in the cells of the lower subepidermal layer 
which are not the true submarginal initials and it is certainly sure in the most 
cases that the derivatives become new submarginal initials which form the rolled 
part of the leaf. In this connection, it may be recognizable that there is a certain 
relationship among Phyllodoce, Erica, and Empetrum as was accepted by Hagerup, 
but it can also be thought that Phyllodoce shows some close relation to the genera. of 
the same subfamily, such as Menziesia, Tsusiophyllum, Rhododendron, and Ledum. 
These relationships probably involve some significant problems from the evolutional 
standpoint. 

Thus, so far as the present preliminary observation is concerned, the writer 
should like to conclude that it is only possible to distinguish the following two types 
in regard to the manner of the development of the leaf margin, that is; 

I. Revolute Type (Fig. 2, A), in which the leaf is revolute in the earlier stages 

of its development. 

II. Convolute Type (Fig. 2, B), in which the leaf is not revolute, but convolute 

in the earlier stages of its development. 


*,**: These leaves show slight indications of the revolute feature in their budal stage. 
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The revolute type includes the leaves of Daboecia, Ledum, Loiseleuria, Menziesia, 
Phyllodoce, most species in Rhododendron, Tsusiophyllum, Andromeda, and Erica. 
The convolute type includes the leaves of a few species in Rhododendron, Tripetaleia, 
Arcterica, Ayctous, Cassiope, Chiogenes, Enkianthus, Epigaca, Eubotryoides, Gaultheria, 
Harrimanella, Leucothoe, Lyonia, Pieris, Oxycoccus, and Vaccinium. 

As mentioned above, it is particularly important that there are no decided dis- 
tinction between the ericoid and the rolled leaves at certain earlier stages of their 
development, or, in other words, both types are derived only by the slight differen- 
ces of manner in their further development. 

Furthermore, it is very interesting that the leaves of Tyipetaleia and Rhodo- 
dendron Keiskei show the convolute type, regardless the leaves of most species in the 
Rhododendroideae show the revolute type. Tyipetaleia has been considered, on the one 
hand, to be more primitive genus within the Rhododendroideae by Copeland (1943), 
and Matthews and Taylor (1926), etc., while, on the other hand, Sinclair (1937) 
has considered that Lepzdote series characterized by the convolute type of bud is a 
progressive one within Rhododendron, which is commonly considered to be more 
progressive genus within the Rhododendroideae. But, R. Keiskei is not included in 
this series. In this regard, this species proposes a very interesting problem on the 
phylogenetic relationships of the Rhododendron. 

At any rate, further critical studies are desirable for the diverse forms of the 
leaves in the Ericaceae, so that further studies will be carried on in detail by the 
present writer. 

The author wishes to express his best thanks to Prof. Y. Ogura and Dr. S. 
Watari for their kind direction and advice. His thanks are also due to Mr. S. Naka- 
mura of the Nikko Branch, Botanic Gardens of University of Tokyo, and Mr. H. Kanai 
for valuable materials. 
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Plate XI, Fig. 1: Phyllodoce nipponica, with glandular hairs, x70, Fig. 2: Phyllodoce nipponica, 
with glandular hairs, x300, Fig. 3: Tripetaleia paniculata, x 100, Fig. 4: Daboecia cantabilina, x 600, 
Fig. 5: Loiseleuria procumbens, surrounded with two petioles, x 100, Fig. 6: Menziesia pentandra, 
with glandular hairs, x800. Upper side of the solitary leaf (Figs. 2, 4, 6) is shown in the 
upper side of the figure. Arrows show the portions showing the periclinal divisions in the cells 
of the lower side of the leaves. 


N. Hara: Development of the leaf margin in the Ericaceae. 


Plate XII 
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Plate XII, Fig. 1: Tsusiophyllum Tanakae, with glandular hairs, x 600, Fig. 2: Rhododendron 
japonicum, x 150, Fig. 3: Rhododendron Tschonoskii, x 450, Fig. 4: Rhododendron semibarbatum, 
x40, Fig. 5: Rhododendron Keiskei with scaly hairs on abaxial surfaces, x40, Fig. 6: Amndro- 
meda Polifolia, with two scale leaves, x60. Upper side of the solitary leaf (Figs. 1, 2, 3, 4) is 
shown in the upper side of the figure. Arrows show the portions showing the periclinal] divisions 
in the cells of the lower side of the leaves. 


N. Hara: Development of the leaf margin in the Ericaceae. 
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Distribution of living species of Pinus koraiensis S. et Z. is restricted to the 
mountainous regions of Japan, northern Korea and eastern Manchuria in Asia. 
Growing sites in Japan are found scattered in the foggy regions 1050 m-2600m 
above sea-level in Central Honshu (1) and one place in Shikoku (10). 

The remains were first discovered in the conifer bed in Egota, Tokyo City (5), 
next in the Larix bed in Manzidani, Nishinomiya City (6) and in many places in a 
wide area as shown by following data (9). It is usually associated with many 
subalpine conifers, growing on mountains of Central Honshu, about 1500m above 
sea-level. 

The localities, associated remains, age of migration and depression of tempera- 
ture of the Pleistocene age are discussed in this paper. 


Remains 


The cones, leaves and seeds were found in the remains of Pinus koraiensis. 
The seed remains were excavated especially rich in durable testa and easily identi- 
fied by many special characteristics viz. obovate shape with a sharp ridge reduced 
from a wing at the upper margin and hilum near the apex of the dorsal side. The 
structure of the testa is composed of sclerenchymatous cell, but not of pallisade 
tissue. 

The remains were found in 24 different localities as in Fig. 1 and Table 1. 

The altitude of the localities is distributed from 20 m to 500m above sea-level, 
but there is a distinct difference between the altitude of the present growing places 


and the localities of past remains. 


F Associated floral remains 


About 55 species of floral remains belonging to 35 genera and 22 families, 


associated with Pimus koraiensis have been found. 
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Table 1. Localities of the remains of Pinus koraiensis S. et Z. 
Toa . Associated remains 
ocalities : 
: Remains 
(altitude) No. of Representative species 
species 
1) Mammalian bed of Kana- Seeds 4 Larix dahurica var., Picea glehni, 
mori in Hanaidzumi, Iwate (56) Corylus sieboldiana 
Pref. (88m) (by N. Naora) 
2) Peat bed near Teramae, Seeds 3 Larix leptolepis, Picea glehni 
Okoe-mura, Tamura-gun, (2) 
Fukushima Pref. (450 m) 
3) Jigozi of Motohatiozi-mura, Leaves 6 Abies homolepis, Picea yezoensis 
Minami Tama-gun, Tokyo var., Tsuga sieboldii 
Pref. (180m) (by S. Kuwano) 
4) Conifer bed of Egota, Tokyo Seeds (13) 23 Abies homolepis, Larix leptolepis, 
City (38m) Leaves Picea glehni, Picea maximowic- 
zii, Picea yezoensis var., Picea 
bicolor, Tsuga diversifolia 
5) Clay bed of Uwano, Tonami- Seeds 23 Abies homolepis, Picea bicolor 
gun, Toyama Pref. (40 m) (5) (Pl. Aa), Picea yezoensis var. 
(Pl. Ca), Tsuga diversifolia 
6) Upper bed of Pinus trifolia Cone Seeds 6 Abies veitchii (Pl. Da), Larix 
bed in Hara, Turuoka, Gifu (11) Leaves leptolepis (Pl. Hb), Picea koya- 
Pref. (500 m) mai (Pl. Ba), Tsuga diversifolia 
7) Upper bed of Metasequoia Seed (1) 19 Abies veitchii, Abies homolepis, 
bed in Daimon, Tado, Mie Leaves Larix leptolepis (P1. Ha), Picea 
Pref. (60m) bicolor, Tsuga sieboldii (Pl. Ka) 
8) Upper bed of Metasequoia Seeds Th) Abies homolepis (Pl. Ea-b), 
bed in Kodzuhata, Gamo- (3) Picea koyamai (Pl. Bb), Pinus 
gun, Shiga Pref. (300 m) parviflora (P1.G), Tsuga sieboldii 
(Pl. Kb) 

9) Clay bed of Higashiaioi, Oba- Seeds 4 Alnus hirsuta, Corylus  siebol- 

ma City, Fukui Pref. (60m) (13) diana, Sambucus sieboldiana 

10) Cliff of school in Kamiya- Seeds (33) 6 Abies veitchii, Picea bicolor, Picea 
mada, Yosa-gun, Kyoto Pref. Leaves yezoensis var., Tsuga sieboldii 
(20 m) 

11) Peat bed of Tengawa, Hieta- Leaves 9 | Abies veitchii, Picea bicolor, 
mura, Kyoto Pref. (120m) Molinia japonica 

12) Peat bed in  Otuti-Pass, Seeds (4) 10 Abies homolepis, Picea maximo- 
Togo-mura, Toyono-gun, Leaves wiczii, Picea yezoensis var., Tsuga 
Osaka Pref. (800m) diversifolia (P|. J), Betula ermani 

(Pl. M) 

13) West valley of Kantengoya, Seeds 8 Metasequoia_ disticha, Picea 
Nishinomiya City (by S. (5) maximowiczii, Thuja  proto- 
Kokawa) (250 m) japonica (P1.1), Chamaecyparis 

obtusa, C. pisifera 

14) Peat bed of Manzidani, Ni- Seeds 14 Abies veitchii(P1. Db), Chamae- 
shinomiya City, Hyogo Pref. (139) cyparis pisifera, Larix leptolepis, 
(45 m) Picea bicolor, Picea maximo- 

tee eee protojaponica, 
. 4 } etula platyphylla (P1. Ne 

15) Cutting of Horaiso, Arima, Seeds 4 Tsuga ee Vine aie 
awe City (400m), Hyogo (2) furcatum ; 

ref, 

16) Clay bed of west place in Seeds 1 
Manganji, Tada, Hyogo Pref. (5) 

160 m) ; 

17) Basal clay of pond in Hi- Seed (1 4 j j i i 
gashinamura, Hojio-tyo, Coacas Frac rar bicolor, 


Hyogo Pref. (60m) 


Pterocarya rhoifolia 
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18) Clay bed of Kadzuwa, Nada- 
temura, Tohaku-gun, Tottori 
Pref. (60 m) 


19) River side peat bed of Gan- 
manzi, Miyoshi-tyo, Hiroshi- 
ma Pref. (155m) 

20) Peat bed in Futakami of 
Gota-mura, Kamo-gun, Hiro- 
shima Pref. (240m) 


21) Peat bed of Takadzu, Yama- 
gun, Shimane Pref. (220 m) 


22) Clay bed in Pass of Kami- 
sohara, Mine City, Yama- 
guti Pref. (140m) 


23) Clay bed of Mt. Terao in 
Kuma-tyo, Kamiukena-gun, 
Ehime Pref. (500m) 


24) School side clay bed in Ino- 
tuki, Emukai-tyo, Nagasaki 
Pref. (100 m) 


Seeds 
(3) 


Seeds 
(7) 


Seeds 
(2) 


Seeds 
(10) 


Seeds (10) 
(Pl. Fa) 
Leaves 
Seed (1) 
Leaves 


Seeds (6) 
(Pl. Fb) 


o1 


13 


ol 
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Picea bicolor, Corylus hetero- 
phylla, Alnus hirsuta var. 


Picea bicolor (Pl. Ab), Prunus 
salicina, Alnus hirsuta var. 


Picea maximowiczii, Chamaecy- 
paris obtusa, Styrax obassia, Me- 
nyanthes trifoliata 


Abies veitchii, Picea yezoensis 
var. (Pl. Cb), Chamaecyparis 
obtusa, Tsuga sieboldii 


Abies homolepis (P|. Ec), Pinus 
parviflora, Tsuga sieboldii, Betula 
grossa, Carpinus erosa 


Abies veitchii, Picea yezoensis 
var., Alnus hirsuta var. (P1. L), 
Tsuga diversifolia 


Abies homolepis, Picea yezoensis 
var., Alnus hirsuta, Betula pla- 
typhylla (Pl. Na-b) 


There is a wide range of 
coexistent species; that is: 
many species were found in 
one or two places, and 10 spe- 
cies were found in more than 
five localities. In this paper 
the latter was named as domi- 
nant species, most of which 
grew in the mountain region 
of Central Honshu, Japan. 

Following species are new 
records for the discovery of 
the remains in Japan; Betula 
ermani, Betula platyphylia, 
Larix dahurica var. Picea 
glehni, Picea koyamai and 
Pinus parviflora. 

Pinus koraiensis coexists 
with Metasequoia, Thuja pro- 


Fig. 1. 


Map showing the localities of the 
remains (black) and living one (dotted) of Pinus 
koraiensis S. et Z. Localities of living one were 
cited from Y. Hayashi (1). 


tojaponica, Pterocarya paliurus belonging to the elements of the Pliocene and was 


found only in Kantengoya which lies near Mt. Rokko. 


Geological age 


The conifer bed of Egota (=Ekoda) is considered as the upper Pleistocene by 
Yabe (11) etc., and the Larix bed of Manzidani as the middle Pleistocene by Huzita (2). 
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Table 2. Associated remains and their localities 


“Asdonlated remains 


Woe 
Abies homolepis S. et Z. 


Abies veitchii Lind. 
Chamaecyparis obtusa Endl. 


Chamaecyparis pisifera Endl. 


Larix dahurica Turcz. var. 
Larix leptolepis Murrey 
Metasequoia disticha Miki 
Picea bicolor Mayr. 


Picea glehni Mast. 

Picea koyamai Shiras. 
Picea maximowiczii Regel. 
Picea jezoensis Carr. var. 


Pinus parviflora S. et Z. 
Taxus cuspidata S. et Z. 
Thuja protojaponica Miki 
Thuja standishi Carr. 
Tsuga diversifolia Mast. 
Tsuga sieboldii Carr. 


Tsuga oblonga Miki 
Dicotyledoneae 

Actinidia polygama Mia. 
Acer japonicum Thunb. 
Acer nikoense Max. 
Alnus hirsuta Turcz. var. 
Betula ermani Cham. 
Betula platyphylla Sukat. 
Betula grossa S: et Z. 


No. of localities 


oh Glas 1 teh 1A, 
17, 22, 24 


6,7, 10, 14, 21, 23 
TG 15205 AL 
3,6, 13, 14 

1 

2,4, 6,7, 14 

13 


4.5, 7,10, 14, 17 
18,19 
1, 2,4 


3 

4,12, 13, 14, 20 
3, 4,5, 10, 12, 21, 
23. 24 


8, 22 

4 

13, 14 

7,8 

4, 5,6, 12, 21, 23 
By (ete, iki yea 
22 


13 


7,24 

ee, 

5 

7,.8;,18, 19, 23724 
12 

14, 24 
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Associated remains 


No. of localities 


1,22 


Carpinus erosa Bl. 
Cercidiphyllum japonicum S$. 
et Z. 


Ceratophyllum submersum L. 
Corylus heterophylla Fisch. 
Corylus sieboldiana B\. 
Fagus crenata Bl. 

Fagus japonica Max. 
Hamamelis japonica S. et Z. 
' Menyanthes trifoliata L. 
Prunus maximowiczii Rupr. 
Prunus salicina Lindl. 
Pterocarya rhoifolia S. et Z. 
Pterocarya paliurus Batal. 
Quercus crispula Bl. 

Salix cf. bakko Kimura 
Sambucus sieboldiana Bl. 
Spiraea media Schmidt. 
Styrax obassia S. et Z. 

Tilia japonica Simk. 
Viburnum furcatum B. 
Viburnum opulus L. 
Monocotyledoneae 

Carex rhinchophysa C. A. Mey 
Tris laevigata Fish. 

Molinia japonica Hack. 
Potamogeton gramineus L. 
Potamogeton perfoliatus L. 
Sparganium minimum Fr. 
Scirpus sp. 


“4,7, 22 
fh 


14 

5, 14, 18 
1,5,9 
5,8 

See 

8, 22 
11,20 
5,7, 14 
14, 18, 19 
ce er a 
13 


| 4,7,8 


7, 18,19 


Kantengoya was considered as the Pliocene, and other places as the middle or upper 
of the Pleistocene because extinct species occurred exceptionally more seldom than 


that in the Metasequoia bed and are unconformable for Metasequoia or Pinus 


trifolia bed as in Fig. 2. 


These localities with the exception of Kantengoya, Nishinomiya City belong to 
the Pleistocene, because extinct species are exceptionally few and associated remains 
are composed of subalpine conifer in Central Honshu, Japan, and these beds are 
unconformable for the Pliocene bed. 


Migration age of Japanese subalpine conifer 


The birth-place or the age of development of Pinus koraiensis is not clear, but 
the migration of the subalpine conifer in the Pleistocene of Japan seems to be in the 
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upper age of Miocene or Palaeocene 
from the north, because Pinus koraiensis 
and Picea maximowiczii occurred in the 
Pliocene bed at Kantengoya and Japa- 
nese alpine plants were considered by 
Koidzumi (4), to be composed of many 
endemic species. Judging from the con- 
stitution of the Japanese remains, floral 
change since the Pliocene seems to owe 
the extinction of many species in Japan. 
There have been few differentiations of 
the species since the Pliocene. 

The age of differentiation of the 
Pleistocene species in Japan was con- 
sidered older than that of upper Mio- 
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Fig. 2. Diagrammatic profile showing the 
relation of conifer bed (C) and Metasequoia 
bed (M) or Pinus trifolia bed (P). 

A Loc. 7: Daimon in Tado, Mie Pref. 

B Loc. 8: Conifer bed exposed at river bank 
of Kodzuhata, Gamo-gun, Shiga Pref. 

C Loc. 6: Conifer bed exposed of excavated 
place of clay in Hara, Turuoka, Gifu Pref. 

D Loc. 14: Conifer bed of Manzidani, Ni- 
shinomiya City. 


cene and their migration may be sup- 

posed to be caused by the cold climate at the upper Miocene or Palaeocene. The 
Pleistocene elements in the Pliocene bed of Japan are considered to have climbed 
up the mountain, and there are few or no remains of them, as these have a rare 
chance for preservation. This confirms the belief that most beds of the Pliocene 
have been more or less related to the sea. 

In the Pleistocene they extended down from the mountain, and some migrated 
from the north. During the intermediate warmer period these species went up the 
mountain which accounts for the occurrence of many species of broad-leaved ever- 
green trees at Uegahara in Nishinomiya City, the details of which will be described 
later in collaboration with Huzita and Kokawa. 


The relationship of sea-level to the depositional place 


Seed remains of Ruppia from various parts of Japan have been excavated from 
the seven localities of the Pleistocene bed indicating that they had grown at the 
inlet of a bay. Therefore, the associated bed tells me the height of sea-level at the 
depositional times and that the average height of sea-level is calculated to have 
been 42m in the past. 

The range of the depositional height of the Pinus koraiensis is wider than that of 
the Ruppza. 
relation to sea-level, because the mixture of breccia in the bed and the accompanying 


The higher location of the depositional place was considered as of no 


water or marshy plants have no relationship to the remains of marine flora or the 
nearness to the sea. The average height of the Pimus koraiensis localities was 
calculated as 185m above sea-level. The value of depositional places is adjusted to 


the sea-level in the past as: 185 m—42 m=143 m. 
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Depression of the temperature at sea-level of the beds 


Determination of past temperature is a troublesome problem (3). I considered 
the temperature of past times by 10 dominant species belonging to subalpine conifer 
with the exception of Alnus hirsuta and the range of the vertical distribution of 

the conifer in Central Hon- 


Table 3. Vertical distribution of the dominant shu, Japan, was as is shown 
species of conifer. in table 3. (The data are 

Dominant species LEeaihtele emer PED (m) from Y. Hayashi (1)). 
Abies homolepis a 1000—1700 Therefore, the climate 
Abies veitchii 1600—1800 of the growing place in 
Larix leptolepis 1400—2100 past times is judged as 
le Seated ge having a lower temperature 

Picea maximowiczii 1200—1800 t 
Picea yezoensis var. 1600—2300 and more foggy climate 

Pinus koraiensis 1050—2600 than that of the present. 

Tsuga diversifolia 1500—2200 Depression of the tem- 
Tsuga sieboldii 100—1700 perature of the bed, that 
Average height 1217—2033 is reduced to sea-level was 
Average 1625 calculated according to the 


following formula: 


T=CV—(CL—-S)] K 
T: Temperature depression. 


V: Average value for vertical distribution of the dominant conifer in Central Honshu, Japan 
was 1625m as in Table 3. 


L: Average height of 24 localities of depositional places from Table 1 was calculated to be 185m. 


S: Average sea-level of the Pleistocene was calculated by the localities of Ruppia which indica- 
ted it to be above 42m. 


K: Depression value of temperature is known to be about 0.5° (C) per 100m upward. 


Thus the formula becomes: 7.4° +2.0° (C)=[1625—(185—42) ] x a : 


The lower value is confirmed not only by a destitution of broad-leaved evergreen 
trees, but by a few mixtures of broad-leaved deciduous trees which now grow in 
the temperate regions of Japan. 


Abstract 


1) The remains of Pinus koraiensis were found in 24 different localities in 
Japan, associated with about 55 species belonging to 35 genera and 22 families. 
2) The following species are new records for the remains in Japan: Betula 


ermant, Betula platyphylla, Larix dahurica var., Picea glehni, Picea koyamai 
and Pinus parviflora. 
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3) Among the associated remains there are 10 dominant species which were 


found at more than 5 localities. They are growing in foggy places in the moun- 
tains of Central Honshu, Japan, about 1500m above sea-level. 

4) The geological age of most localities belongs to the Pleistocene with the 
exception of one place belonging to the Pliocene. In the middle bed of the Pleisto- 
cene some extinct species such as Tsuga, Ceratophyllum and Thuja were found in 
Manzidani, but they are lacking from the upper Pleistocene as in Egota. 

5) The migration of the Pinus koraiensis or associated subalpine flora in Japan 
was considered to be from the upper Miocene and extended down from the moun-_ 
tains during the cold age of the Pleistocene. 

6) The depression of temperature at sea-level during the cold age of Pleistocene 
was calculated roughly as 7.4° +2.0°C lower than that of present times. It is con- 
firmed not only by a destitution of broad-leaved evergreen trees, but by a frequent 
mixture with deciduous broad-leaved trees. 

7) Pinus koraiensis which is associated with subalpine conifers is considered as 
an index remain which shows the lowering of temperature in the Pleistocene age in 
Japan. 
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Explanation of the plate (scales mm units) 


A. Cone Pohains of Picea bicolor Mayr 
a, from Loc. 5: Uwano in Tonami-gun, Toyama Pref. 
b, from Loc. 19: Peat bed of Ganmanzi, Miyoshi-tyo, Hiroshima Pref. 
B Cone remains of Picea koyamai Shiras. 
a, from Loc. 6: Hara in Turuoka, Gifu Pref. 
i b, from Loc. 8: Kodzuhata, Gamo-gun, Shiga Pref. 
C. Cone remains of Picea yezoensis Carr. var. 
a, from Loc. 5: Uwano in Tonami-gun, Toyama Pref. 
b, from Loc. 21: Takadzu in Yama-gun, Shimane Pref. 
D. Cone scales of Abies veitchii Lind. 
a, from Loc. 6: Hara in Turuoka, Gifu Pref. 
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b, from Loc. 14: 
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Manzidani, Nishinomiya City. 
E. Twig (a) and cone scales of Abies homolepis S. et Z. 
a-b, from Loc. 8: Kodzuhata in Gamo-gun, Shiga Pref. 
C,strom, Loca 22 : 
F. 


Kamisohara, Mine City, Yamaguti Pref. 
Seed remains of Pinus koraiensis S. et Z. 


a, from’ Loc. 22: 


b, from Loc. 24: 


Kamisohara in Mine City, Yamaguchi Pref. 
c, a part of 


Inotuki in Emukai-tyo, Nagasaki Pref. 
remain of testa, magnified. 


Cone remains of Pinus parviflora S. et Z. from Loc. 8: 


Cone remains of Larix leptolepis Murrey 
a, from Loc. 7: 


Kodzuhata in Gamo-gun, Shiga Pref. 


Daimon in Tado, Mie Pref. 
b, from Loc. 6: 


Hara in Turuoka, Gifu Pref. 


Cone (a) and twig (b) remains of Thuja protojaponica Miki from Loc. 13: Kantengoya, Ni- 
shinomiya City. 

Cone remain of Tsuga diversifolia Mast. from Loc. 12: 
Cone remains of Tsuga sieboldii Carr. 
a, from Loc. 7: 


Otuti-Pass, Togo-mura, Osaka Pref. 
b, from Loc. 8: 


Daimon in Tado, Mie Pref. 


Kodzuhata in Gamo-gun, Shiga Pref. 
Fruit remain of Alnus hirsuta Turcz. var. from Loc. 23: 


Scales of Betula ermani Cham. from Loc. 12: 


Clay bed of Kuma-tyo, Ehime Pref. 
Otuti-Pass in Togo-mura, Osaka Pref. 
a, from outer view, b, from inner view. 
N. Fruit and scale remains of Betula platyphylla Sukat. 
a-b, from Loc. 24: Inotuki in Emukai-tyo, Nagasaki Pref. 
c, from Loc. 14: Manzidani in Nishinomiya City. 
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Morphology and Development of the Sinker in Pecteilis 
radiata (Orchidac.) 


by Masao KUMAZAWA* 


RQRIER*: YY YOU Fee OE & Be 
Received June 29, 1956 


Ogura (1953) studied the comparative morphology and anatomy of the sinkers 
of 27 species belonging to 10 genera of the Ophrydinae, and discussed the morpho- 
logical nature of the organ. In his paper, the vascular behaviours within the full- 
grown sinker were examined. However, the sinker development, most significant 
in understanding the morphological nature of the organ, was not studied in any 
species. 

The sinker development of the Ophrydinae was studied first by Irmisch (1850) 
in Platanthera bifolia, later by Nothdurft (1955) in a species of Serapias. Between 
the two, there were some descriptions, among which Sharman’s (1939) on Orchis 
mascula entered in details. In the present paper the sinker of Pecteilis (Habenaria) 
radiata Rafin. is described which somewhat differs from that of Orchis mascula in 


respects of morphology and development. 


Material and methods 


The plant grows wild in the vicinity of Nagoya and materials were obtained 
there in the growing season, but cultivated plants were also used. Hundreds of 
plants were examined during the years from 1949 to 1955. The anatomical studies 
were made usually from microtome serial sections, stained with safranin and fast 
green or with safranin and Delafield’s haematoxylin. 


External morphology 


Fig. 1 shows the plant whose leaf tips have just emerged on the earth surface 
at the beginning of April. Several leaves (f;, fy, f3) are found on the short axis 
produced from the top of the brown tuber densely covered with the root hairs. At 
the node of f,, three absorbing roots are elongating horizontally. A decayed thin 
scale (s3), brown in colour, embraces the base of the erect stem, concealing a small 
bud (s3b), 1mm in length, in its axil. Fig. 2 shows the subterranean parts of a 
plant in the middle of June. In the fertile plant, the erect stem is now somewhat 
elongated, and several absorbing roots, arising at the nodes of f, and fz, are longer 
and brown in colour, covered with root hairs. No lateral rootlets are produced. 
Besides the absorbing roots, one root-like organ, (f2b) and soon later one more (fb) 
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appear respectively from the parts? near the axils of f. and of f,;. In external 
view these organs, in this phase of development, can only be distinguishable from 
the absorbing root by their white colour and their lack of root hairs. The root-like 
organ, the young sinker continues the horizontal elongation until the flowering 
season (August), often exceeding lastly 10cm in length. Then the tip turns down- 
wards, coloured in brown (Figs. 4 and.5), and gradually increases its length and 
diameter, being covered with hairs (Fig. 6). Until the end of September, the brown 
part develops into a spherical tuber, 1cm or less in diameter (Fig. 7). The tuber 
has a neck (Fig. 7, n), through which it is connected with the horizontal slender 
part (stalk). of the sinker. In November the aerial parts begin to die and all the 
subterranean organs, except the new. tubers which remain alone through the winter, 
shrink and fall into decay sooner or later. Non-flowering plants also follow the 
same processes. 


3 


Fig. 1. A plant at the beginning of April. Fig. 2, A plant in early summer, the erect 
stem not shown. Figs. 3-7, Distal parts of the sinker, showing the successive development of 
the tuber. fj, fg, f3, leaves on the erect stem. s3, decayed scale leaf- fj b, fob, elongating young 
sinkers, S, erect stem. r, absorbing roots. t, tuber. m, opening. n, neck, 


The plant just germinated from the seed is represented by a spherical protocorm 
as is usual with the Orchidaceae. Within a few months several foliar leaves are 
produced at the upper pole of the protocorm which increases its length and diameter 
gradually and develops into the first tuber covered with root hairs. The tuber has 
neither an apical meristem nor a root cap. The first absorbing root arises at the 
second node, and the first sinker primordium usually at the axil of the third or 


fourth leaf. The tuber derived directly from the protocorm dies without producing 
the flowering axis in the first year of germination. 


- Structure of the mature tuber 


The main part of the full-grown tuber observed in Autumn (Figs. 7 and 13) is 
a typical tuberous root having a rudimental rootcap-like tissue (Fig. 13, c), starch 


1) More accurately speaking, the parts slightly deviate laterally from the real axil or 
above it. 
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reserving fundamental tissue and monostele consisting of polyarch radial bundles. 
The neck encloses a terminal bud covered with a thin scale leaf (Fig. 13, s3) in its 
central cavity, which communicates with the outside through a small opening (m). 
The opening, located in a place 5-10 often 20mm from the top of the neck, is so 
small that it is hardly visible to the naked eye, and its existence was not described 
by Ogura (1953); but sometimes marginal part of the opening protrudes slightly, 
thus the position of the opening is easily suggested. As shown by the semidia- 
grammatic transection through the neck (Fig. 12), the leaves f,, f. and s3 within 
the neck have the axillary buds f,b, fsb and s3b respectively. These leaves and 
buds correspond to the respective organs indicated by the same symbols in Figs. 1 
and 2. The scale leaf s3 is a few cell layers in thickness, no vascular tissue being 


St Sit 


Figs. 8-11. Successive transections through the distal part of the stalk shown in Fig. 13. 
Fig. 12. Transection through the neck. Fig. 13. Longisection of the distal part of the sinker. 
Fig. 14. Longisection of the neck. bc, stele of the sinker-axis. syjt, set, trace bundles belonging 
respectively to the first and the second leaves on the sinker axis. cv, cavity communicating 
with the outside through the opening m. ssb, axillary bud of the scale leaf s3.. re, stele of 
tuber. c, root pocket. Other abbreviations as in the foregoing figures. 


observed except only in one example among hundreds of tubers studied. f,b and 
f,b are the primordia of the sinkers which elongate in the following growing season, 
while s3b remains undeveloped throughout and shares the fate of the mother tuber, 
dying usually in late autumn of the following year. 

On one side of the neck, there is a tubular stele consisting of several collateral 
bundles (Figs. 12 and 14, bc). This is the stele of the sinker or stalk and bends at 
the base of the terminal bud and goes into it. The stele of the tuber (Fig. 13, rc) 
is separated from the curved part of the stalk stele. Figs. 8-11 show the transections 
through the distal part of the stalk shown in Fig. 13. st is a rudimental collateral 
bundle which is separated from the upper side of the stalk stele and comes to an 
end (Fig. 13, sit) near the opening. This is a leaf trace belonging to the first leaf 
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on the sinker axis. A rudimental vascular strand spt (Figs. 11 and 13), observed 
in about half the plants studied by the writer, is regarded also as a leaf trace 
belonging to the second leaf, although it fades out at both ends. 

In the older tuber, the rootcap-like tissue (root pocket) peels off completely and 
the tuber apex is also covered with the rhizoderm having root hairs. 


Development of the sinker 


In autumn, the axillary buds s3b, fyb and feb within the neck are initiated 
exogenously in an acropetal order, each as a cup-shaped process. The process 
develops to be 1mm in length and then its development is suppressed until the 
following year. The bud in this stage (Fig. 15) has no peculiar features, the shoot 
apex being enclosed by the primordial leaves s; and sz. In the coming late spring, 
fob begins first to exhibit the elongating growth as a sinker by means of the rib 
meristem (Fig. 16, 
rm), which appears 
at the zone behind 
the node of sg). 
However, the pri- 
mordial leaves s; 
and ss» _ scarcely 


grow further, con- 
sisting of a small 
number of imma- 


ture cells. Two 
procambial strands, e ¢ 


the one detached ; 
Figs. 15-19. Longisections through the distal part of sinker, 


from the upper showing the successive stages of development. s), so, s3, the first to 
side of the sinker the third leaves of sinker. rm, rib meristem. mm, mass meristem. 
stele (Fig. 17, sit), ; a, aie meristem. = epidermis. cv, slit formed between the 
epidermis and underlying tissue. p, protoderm. rh, rhizoderm. 
the other from the c, root pocket. Other abbreviations as in the foregoing figures. 
lower side (Fig. 17, 
St), are differentiated acropetally and the one goes into g,, the other into So. 
Therefore, s; is undoubtedly an inverted prophyll and st is its leaf trace. s,; and 
S2 never produce their axillary buds even if in their last stages of development. 

In a later stage of sinker elongation, a mass meristem (Fig. 17, mm) becomes 
differentiated from some periblem cells near the base of sot. The meristem consists 
of rather small cells rich in protoplasm; however, its outer boundary layer is not 
clearly distinguishable from the surrounding tissue. After the flowering season is 
over and the sinker is almost fully elongated, the distal lower halves of the hori- 
zontal sinker itself and of the primordial leaves exceed considerably the opposite 
halves in cell elongation. As the results the upward bending of the sinker axis 
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takes place (Fig. 18); s,; and sp are prolonged on one side more remarkably than on 
the other side; the small procambial strand (Fig. 18, s,t) is dissected from the 
sinker stele and the opening (m) is displaced towards less distal part of the sinker. 
Meanwhile, the cells between the epidermis and the meristem become vacuolated 
and a slit (Fig. 18, cv) appears between the epidermal and subepidermal layers. 
The protoderm and probably the calyptrogen are established from the outermost 
part of the meristem. The vacuolated cell group (Fig. 13, c) mentioned above 
covers the apical meristem firmly as if it were a root cap. Therefore, it is in 
reality a sort of root pocket, as the calyptrogen produces only a few cell layers. 
After the epidermis is destroyed a typical root covered with the root pocket becomes 
exposed as if it were a direct continuation of the sinker axis (Fig. 19). The part 
of the root structure is rapidly enlarged, being covered with the rhizoderm having 
root hairs on its surface, thus the root tuber is formed. It must be noticed that 
the differentiation of rhizoderm proceeds across the part of the root stucture even 
to the subepidermal part of the neck. This results in the peculiar features of the 
neck: although the neck itself is not a 
root as its ontogeny shows, its surface 
layer is represented by the rhizoderm 
having root hairs after the epidermis is 
peeled off. 

21 When the sinkers, f,b and f,b, are 
Fig. 20. Abnormal sinker with an absorbing artificially injured in the early stage of 


root r, arising at the axil of s3. Fig. 21. A their development, s3b often develops 
part of the foregoing figure, showing the 
vascular behaviours. ot, mother tuber. nt, new 
tuber. Other abbreviations as in the foregoing velopment of the sinker has been 


figures. described in other species of the 


into a sinker. Such compensatory de- 


Ophrydinae by Stojanow (1917), Ziegen- 
speck (1930), Sharman (1936) and others. Although the normal sinker produces no 
absorbing roots, the writer has often found the compensatory sinker, on which a 
single absorbing root arises at the base of the prophyllar trace st (Figs. 20 and 21). 
The development of such an absorbing root may be interpreted as the compensatory 
response to the injury of the normal absorbing roots rather than as a phenomenon 
confined to the compensatory sinker alone. 


‘Discussion 


It has been pointed out by some authors that the sinker of the Ophrydinae is 
nothing but a normal axillary bud in the early stage of its development. This holds 
true also in the case of Pecteilis. The sinker of Pecteilis is, however, elongated 
extraordinarily by means of the rib meristem situated immediately behind the first 
node; and then an adventitious root originates from the node of the second pri- 
mordial leaf and becomes tuberous. A mass meristem, from which the main part 
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of the root is differentiated, is initiated in the periblem near the shoot apex, so it 
is of mesogenous origin rather than of exogenous, according to the terminology of 
Guttenberg (1940). Although the roots of the Ophrydinae were often described as 
of exogenous origin by some authors such as Stojanow (1917), Fuchs and Ziegen- 
speck (1925), and Burgeff (1932), they may also be of mesogenous, i.e. of the outer 
periblem origin. 

The morphological nature of the sinker in the Ophrydinae has variously been 
interpreted (vid. Ogura, 1953). Ogura considered that the distal part of a sinker is 
a combined system of some roots, and the proximal part a combined system of 
cauline and radical characters. Thus he applied the term rhizophore to the latter 
part of the sinker. So far as the present study of Pectedlis concerns, it is quite 
certain that the proximal slender part (stalk) of the sinker is the hypopodium of 
an axillary shoot and of typical cauline nature, the distal tuberous part a single 
adventitious root originating from the second 
node. The morphological peculiarities are ob- 
served only in the part between the stalk and 
the tuber, i.e. in the neck. The ontogeny shows 
that the neck corresponds mainly to the parts 


between the first and the third nodes of a 
lateral shoot. Accompanied by the develop- 
ment of the adventitious root, the shoot apex 
itself falls into a cavity formed by the 
characteristic growth of those parts mentioned 
above. The rhizoderm differentiation which is 22 


usually confined to the root itself, proceeds to o 


Figs. 22 and 23. Diagrams showing 


t the construction of full-grown sinkers. 
part of root structure. The neck, accordingly, Fig. 22. Pecteilis radiata. The slender 


the subepidermal part of the neck across the 


loses its epidermal layer and is covered with proximal part of the sinker not shown. 
Fig. 23. Orchis rupestris, the usual 


tuberous type. The stippled part cor- 
may call the neck a sort of the periclinal responds by origin to the cauline axis 


chimera consisting of the stem and root. If Of the lateral shoot. c, root pocket 
peeling off in the later stage of tuber. 


Other abbreviations as in the foregoing 
applied to the neck alone. The cases, in which figures. 


an organ other than the root is covered with rhizoderm, have been described (e. a 
the cotyledonary petiole of some geophilous species in the Ranunculaceae, Ber- 
beridaceae and Umbelliferae—Haccius, 1953). 

All the sinkers of fusiform, handform and tuberous types observed in many 
species of the Ophrydinae show one and the same fundamental construction derived 
from an axillary shoot accompanied by an adventitious root (Fig. 23). This holds 
true also in the case of the sinker of Pecteilis, Most of other species, however, 
differ from Pectedlis in the following respects: 1) the adventitious root is initiated 


the rhizoderm having root hairs. Then we 


any special term is prepared, it should be 
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and grows at a very early stage of sinker development; 2) the hypopodium or the 
sinker does not elongate very long; 3) the rhizoderm differentiation is confined to 
the part of typical root nature. 

The development of the sinker, which was treated by Ogura as of the stolonifer- 
ous type, will be described in the following paper. 


Summary 


In the early stage of development, the sinkers of Pecteilis radiata are typical 
lateral buds arising at the axils of the fourth and fifth leaves on one monopodium. 
In summer the hypopodium of the lateral bud is elongated extraordinarily by a rib 
meristem and is hardly distinguishable from the absorbing roots except by its white 
colour and the absence of root hairs. Then a mass meristem appears within the 
periblem near the second node, and later it develops into a tuber. 

The full-grown sinker consists of three parts—the stalk, the neck and the tuber. 
The stalk corresponds to the hypopodium of a lateral shoot and is a typical cauline 
axis; the tuber, the distal part of the sinker, is a single adventitious root of the 
mesogenous origin. The calyptrogen is not so active that a root pocket derived 
from the periblem of the mother axis covers the tuber apex firmly as if it were a 
real root cap, but in the older tuber the root pocket is peeled off completely and 
the tuber apex is also covered with the rhizoderm having root hairs. The neck is 
represented by the connecting part between the stalk and the tuber, and morpholo- 
gical peculiarities are observed in this part alone. The neck has a central cavity, 
at the bottom of which the terminal bud of the lateral shoot is situated. The 
ontogeny shows that the neck is derived from the parts between the first and the 
third nodes of a lateral shoot by the characteristic growth of the parts. The 
rhizoderm is, however, differentiated not only at the part of typical root nature 
but also at the part of the neck, and then the epidermis of the neck is replaced by 
the rhizoderm after it is peeled off. Therefore, the neck may be said to be a sort 
of the periclinal chimera consisting of the stem and root. 
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Uber das Anthocyanin in den dunkelpurpurnen Bluten von 
Tulipa Gesneriana L.* 


Studien iiber die Physiologie von Liliaceen I 


von Mannen SHIBATA** 


Senaice**: PRAATET a Vy FOFTYbhYT= YIZDMWTc* 


CHAR ipo LATE 1) 


Eingegangen am 30. Juni 1956. 


Der Bliitenfarbstoff von Tulipa Gesneriana L., dem verbreiteten und _ beliebten 
Gartenpflanzen aus der Familie Liliaceen, bildet den Gegenstand vorliegender Mit- 
teilung. Diese Gartenpflanze wird in der Umgebung von Stadt Tonami in Toyama 
Prifektur in grossem Umfang gepflanzt und blitht in der Friihlingszeit fast auf einmal 
auf. 

Anfang Mai 1953 habe ich eine Gelegenheit gehabt, eine Menge Bliiten der ge- 
nannten Pflanzen abzupfliicken und in frischem Zustand zu chemischen Untersuchun- 
gen heranzuziehen. 

Als Untersuchungsmaterial benutzte ich eine leicht in Menge anschaffbare, dun- 
kelpurpurn*** bliihende Sorte ,, Queen of night “, die im Jahre 1950 von den Niederlan- 
den eingefiithrt wurde. 

Das Ausziehen des Anthocyanins wurde wie tiblich durch Einlegen des Materials 
in 1-proz. methanolische Salzsiure ausgefthrt, und aus dem dunkelroten Extrakt 
wurde der Farbstoff bequem als Bleiverbindung niedergeschlagen. Nach der Be- 
handlung mittels chlorwasserstoffhaltigen Methanols wurde der Farbstoff mit viel 
Ather ausgefallt. Aus der gefallten Farbstoffraktion, die noch mit kleiner Menge 
Begleitstoffen verunreinigt ist, kann man das Anthocyanin ohne Schwierigkeit da- 
durch reinigen, dass man die obige flockige Fallung in 1-proz. kalte athanolische 
Salzsiure aufnimmt und mit viel Ather nochmals ausgefallt. 

Der ausgefallte amorphe Farbstoff wird in wenigen kaltem Athanol aufgenommen, 
filtriert und sofort in 1/2 Vol. kalte 20-proz. athanolische Salzsiiure eingetragen. 

Schon nach kurzem Stehen beginnt die Kristallisation des Anthocyaninchlorids. 
Das abgesaugte Kristallisat war wie erwartet gering, die Ausbeute betrug 0.14 Proz. 
des frischen Ausgangsmaterials. 


* Vorgetragen an der jahrlichen Versammlung der Botanischen Gesellschaft von Japan, die den 
13. Okt. 1955 in Hiroshima abgehalten wurde. 


** Biologisches Institut der Universitat zu Toyama, Japan. BAECS ee yeas 
*** Sie wird gewdhnlich von Blumenziichtern ,, schwarz “ genannt. 
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Vor ungefahr zwanzig Jahren haben G. M. Robinson und R. Robinson mit Hilfe 
einer von ihnen ausgearbeiteten qualitativen Methode den Bliitenfarbstoff mehrerer 
Sorten von Tulipa Gesneriana L. untersucht und berichtet, dass er sich meistens 
als Glukosid des Pelargonidins oder in einigen Sorten iiberdies mit einer kleinen 
Menge von Cyanidinglukosid gemischt befinde. 

Nach dem Ergebnis meiner Versuche, die die Reindarstellung des Farbstoffs zum 
Ziel hatten, wurde der Befund Robinsons als verschieden erkannt, obwohl seine 
Sorte von Tulipa nicht mit meiniger identisch war. Nach meinen quantitativen 
Versuchen gab 1 Mol Anthocyaninchlorid 1 Mol Glukose, 1 Mol Rhamnose und 1 
Mol zuckerfreien Farbstoff und der letztere konnte chemisch, papierchromatographisch 
sowie auch spektrophotometrisch mit Delphinidinchlorid identifiziert werden. 

Die Verteilungszahl dieses Farbstoffs war ca. 7.2. 

Aus dem oben gesagten liess sich das Anthocyanin als ein Delphinidinrhamno- 
glukosid erkennen, Daher wird der neue Bltitenfarbstoff provisorisch ,, Tulipanin “ 
genannt. Wegen der Knappheit an Menge ist es aber mir leider bis jetzt noch nicht 
gelungen, die Lage der Zuckerbindung festzustellen. 


Beschreibung der Versuche 


Isolierung von Tulipaninchlorid. 


17.35 kg frische, von Bltitensténden abgenommene Kronenblatter* (,, Queen of 
night “) wurden mit 18 1 1-proz. methanolischer Salzsaure tibergegossen, 9 Stunden 
lang stehen gelassen und hierauf von dem roten Extrakt durch Pressen abgetrennt. 
Der Extraktriickstand wurde von neuem in 81 Methanol tiber Nacht liegen gelassen, 
abgenutscht und mit 21 Methanol gut gewaschen. Die vereinigte Extraktionsfliissig- 
keit ist zahflussig, da sie noch viel schleimige Begleitstoffe enthahlt. Aus diesem 
Filtrat fallt man durch Zusatz von gesattigter Bleiacetatl6sung den Farbstoff in 
rohem Zustand als wattenartiges, blaues Bleisalz aus, wobei die methanolische Mut- 
terlauge noch etwas schmutzig purpurn gefarbt erscheint. 

Dieses Bleisalz, welches sofort abgenutscht und nacheinander mit Wasser und 
Athanol griindich gewaschen wurde, wiegt in lufttrockenem Zustand ca. 708 g. Es 
ist klar, dass mit diesem blauen Bleisalz eine betriachtliche Menge von Bleichlorid 
mitgerissen wird. Dieses Bleisalz wird in einer Reibschale fein pulverisiert und in 
1500 ccm 5-proz. methanolischer Salzsaure unter Wasserkithlung und Anrthren mit 
Glasstab in mehreren Portionen eingetragen, wobei der Farbstoff sehr leicht als 
Chlorid in Lésung geht. 

Nach dem Abfiltrieren des ausgefdllten Bleichlorids, das weiter mit 800 ccm 
Methanol gut ausgewaschen wird, versetzt man das vereinigte tiefrote Filtrat mit 
fiinffachem Volumen Ather, wobei das Anthocyaninchlorid als flockiger Niederschlag 


* Dieses Material wurde durch Giitigkeit von Herrn M. Neo in seinem Garten gesammelit, 
woftir ich ihm auch an dieser Stelle herzlich danken méchte. 
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ausfallt, welcher sich alsbald zu einer dichteren Masse am Boden des Kolbens zu- 
sammenzieht. Nach dem Abdekantieren der oben stehenden Mutterlauge lést man 
nun die Farbstoffmasse in 1-proz. athanolischer Salzaure auf, filtriert und fallt den 
Farbstoff durch Zagabe von viel Ather aus. Der erhaltene amorphe Niederschlag 
wird nach iibernachtigem Stehen abgenutscht und sofort in kleine Menge von kaltem 
Athanol eingetragen, wobei er allmahlich in Lésung geht. Die dunkelrote Athanol- 
lésung des Anthocyanins wird filtriert und beim Znsatz von 1/2 Volumen 20-proz. 
Athanolischer Salzsaure tritt das Tulipaninchlorid als tief schokoladenfarbige, fast 
schwarz aussehende Masse teilweise auf. Nach dem Stehen iiber Nacht im Eisschrank 
ist die Auskristallisation vollstandig. Die abgesaugten Kristalle bestanden aus fast 
schwarz aussehenden prismatischen Nadeln, die ca. 22 g wogen. Die Mutterlauge 
wird zu weiterer Ausbeute unter Zugabe von weniger 20-proz. athanolischer Salzsdure 
noch einige Tage stehen gelassen. Diese nachherigen Ausscheidungen sind nur gering 
(ca. 3 g) und etwas unrein. Die Ausbeute betrug namlich 0.14 Proz. des frischen 
Ausgangsmaterials. 

Dieser rohe Farbsfoff wird in einer méglichst kleiner Quantitéit heissen Wassers 
gelost und filtriert und das Filtrat wird mit gleichem Volumen 20-proz. athanolischer 
Salzsaure vermischt. Schon nach kurzem Stehen tritt eine Triibung der Lésung ein 
und beginnt die Kristallisation des Tulipaninchlorids, was gewoéhnlich in einigen 
Stunden endet. Die Verbindung bildet dabei dausserst feine, schokoladenfarbige, 
prismatische Nidelchen. Drei- bis viermalige Wiederholung dieses Verfahrens brachte 
das Tulipaninchlorid in vollkommen reinen Zustand, wobei man unterm Mikroskop 
schone rotbraune Nidelchen sehen konnte, welche einen prachtvollen Goldglanz gaben. 


Beschreibung des Tulipaninchlorids. 


Tulipaninchlorid kristallisiert, wie aus Fig. 1 ersichtlich, zu prismatischen Na- 
delchen, die sich beim Erhitzen in einem Schmelzpunktréhrchen von 177°-178° (un- 
korr.) ab zusammenziehen und zersetzen. 

Hinsichtlich der Verteilung zwischen iso-Amyl- 
alkohol und 0.5-proz. Salzsiure verhielt sich das Tu- 
lipaninchlorid monoglykosidisch, wie es bei den 
Rhamnose enthaltenden Diglukosiden gewéhnlich der 
Fall ist. Néamlich geht ca. 7.2 Proz. des Tulipanin- 
chlorids aus wiissriger Schicht in den iso-Amylalko- 
hol iiber. Wie es sich aus den Details unten ersehen 
lisst, ist dieser Tulipa-Farbstoff in manchen Higen- 
schaften dem R. Robinson u. A. (1934) aus den blauen 
Bliiten von Salvia patens, dem von C. Kuroda (1935) 
aus dem himmelblauen Bliiten von Commelina communis var. hortensis isolierten 
Delphin und dem von K. Hayashi (1936) aus der azurblau bliihenden Sorte von 
Hyacinthus orientalis L. isolierten Hyacin ahnlich. 
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Um den Vergleich zu erleichtern, werden einige leicht ermittelbare Eigenschaften 


der drei Verbindungen in folgender Tabelle zusammengestellt : 


es sich fast gleich 
wie Wasser 


Delphinchlorid* Hyacinchlorid* Tulipaninchlorid 
Kristall- kurze, flache blattartige linsenférmige prismatische 
form Kristalle Tafelchen Nadelchen 
Zersetz- 188° (von 185° ab 177°-178° 
ungspunkt zusammenziehen ) Cunkorr. ) 
in kaltem Wasser 
sehr schwer, in heis- 
: léslich ; in kaltem Wasser 
in kaltem Wasser, Alkohol sem Wasser Ik ; < : 
Léslichkeit u. verd. Salzsiure sehr ify Baltem sea | eet und ce 
schwer léslich (od.unléslich) sehr schwer léslich ; Salzsdure —ziemlich 
in verd. HCl verhalt léslich, 


Bildung von 


beim Erhitzen in H20 od. 
Athanol tritt die Pseudo- 


dieselbe Reaktion 


beim Erhitzen in 
Wasser od. Athanol 
tritt die Pseudobase- 


Pecidpbase | i asehildung: jeicht, ein trite —aur schwet ei | yildune sehr schwer 

ein 

Reaktion rein blau, nach eini- rein blau, nach ei- 

mit Soda- rein blau und bald grtin gen Sekunden blau- nigen Sekunden 

losung grun und bald grtin gelbbraun 

Reaktion dieselbe Farbanderung, aber momentan blau, dann momentan rein blau, 

mit Nat- geht die Reaktion sehr plétzlich griin u. bald dann griin und bald 

ronlauge schnell vor sich gelbbraun gelbbraun 

Reaktion : : ; 

mit Na- violett-blau violett Wiolete wien icy 

Acetat i 

tief blau, aber mit ( 

Reaktion : : einem Stich ins vio- violett (in Wasser) ; 
mit ieee cig fin bee lett (in Wasser); blauviolett (in Atha- 
FeCl tief himmelblau (in nol) 

Athanol) 

Reaktion Ree : . E 
: : k6nigblauer Niederschlag : tief blauer Nieder- 

mit Blei- blauer Niederschlag 

ate (royal blue) schlag 

Reaktion 

mit Pik- kein Niederschlag kein Niederschlag kein Niederschlag 


rinsdure 


Die Analysenzahlen des Tulipaninchlorids sind wie folgt: 


3.448 mg lufttrockene Subst, verloren im Vakuum (2 mm Hg) bei 105° tber 
P20; 0.420 mg an Gewicht. 


3.028 mg wasserfreie Subst.: 5.424 mg CO2; 1.168 mg H20 


Co7H310;¢6Cl1 Ber. C 50.10, H 4.83 


Co7H3)O1gC1-5H20 


Gef. C 48.88, H 4.32 


Ber. HO 12.22 


Gef. H,0 12.18 


* Zitiert nach K. Hayashi: Acta Phytochim. 9: 28 (1936) 
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Hydrolytische Spaltung von Tulipaninchlorid. 

Zur sauren Hydrolyse wird 1.3017 g reinen Tulipaninchlorids (C7H3,0;6Cl - 5H20) 
in 100 ccm warmem Wasser gelést, 60 ccm konz. Salzsiure (sp. Gew. 1.18) gefugt, 
3 Minuten lang gekocht, und nachher iiber Nacht in Eiswasser gestellt. Beim Ab- 
kiihlen mit Eiswasser schied sich der zuckerfreie Farbstoff in den facher- oder fisch- 
schwanzférmigen Tafeln fast qauntitative aus (Fig. 2). Das abgespaltene Aglykon 
(Delphinidin) fiel dabei fast ganzlich aus und konnte 
abgenutscht werden. Die Kristalle sehen in der Masse 
fast schwarz aus und zeigten einen prachtvoll griinen 
Glanz. Sein Gewicht betragt in exsikkator-trockenem 
Zustand (iiber CaCl2) 0.6118 g, namlich ca. 47 Proz. 
des Tulipaninchlorids. Es besitzt die charakteristische 


Lésungsfarbe, das Absorptionsspektrum und die sonsti- 


, ol gen Eigenschaften des von Willstatter beschriebenen 
bo al Delphinidinchlorids. 
“Fig.2. Die saure wassrige Losung ist rosa gefarbt, und 


enthalt dann nur Spuren von Delphinidin. Man wiascht nun die saure Lésung und den 
abgesaugten Farbstoff mehrmals mit Ather aus, und die itherischen Ausziige hinter- 
lassen nach dem Verdampfen keinen merklichen Riickstand, woraus zu schliessen 
ist, dass etwaige bei gewissen Anthocyanen gebunden angetroffene organische Saure 
hierbei nicht vorhanden ist. 

Mit Ather erschépfend ausgezogene, saure Fliissigkeit, welche die abgespaltenen 
Zucker enthalt, wurde zur Entfarbung mit zso-Amylalkohol griindlich geschtittelt. 
Die Amylalkoholreste wurden durch Ausschiitteln mit Ather entfernt, dann 
mit Sodalésung neutralisiert, und die farblose Lésung wurde unter vermindertem 
Druck zum Trocken verdampft. Aus dem hinterbleibenden Riickstand wird weiter 
in iblicher Weise das Osazon dargestellt. Das gebildete Osazon wird mit Aceton 
behandelt, aus dem in Aceton léslichen Teil gewinnt man ganz einheitliche Nadel- 
biischel, welche nach einmaligem Umlosen den Schmp. 180° zeigten, und aus dem 
in Aceton unléslichen Teil gewinnt man gelbe Nadeln vom Schmp. 204°. Wird das 
erstere mit reinem Rhamnosazon vom Schmp. 183° und das letztere mit reinem 
Glukosazon vom Schmp. 204-5° gemischt, so bemerkt man keine Schmelzpunktsernie- 
drigung, woraus zu schliessen ist, dass die Zucker Rhamnose und Glukose sind. 
Zugleich ist mit Hife von papierchromatographischer Methode Glukose und Rhamnose 
bestiitigt. 

Beschreibung des Aglykons (Delphinidinchlorid) 

Der zuckerfreie Farbstoff von Tulipa-Bliiten verhiilt sich in allen Punkten gleich 
wie Delphinidin, das zum erstenmal von R. Willstiitter u. A. gewonnene Anthocyani- 
din aus Delphinium-Bliiten. : 

Aus 99 proz. Athanol unter Zusatz von ein wenig 20 proz. athanolischer Salz- 
saure umkristallisiert, fallt das. Delphinidin meistens als Agegregat von dAusserst 
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feinen Nadelchen (Fig. 3). Die qualitativen Reak- 
tionen des Farbstffs mit NaOH, Na,CO3, FeCls u. a. 
und dessen Reduktionsvermégen der Fehlingschen 
Lésung in der Kalte usw. stimmt mit der Literaturan- 
gabe gut tiberein. Das Aglykon enthilt keine Me- 
thoxylgruppe nach der Methode von Zeisel-Preg]. 

Das im Chlorcalcium-Exsikkator getrocknete und 
unter vermindertem Druck bei 105° getrocknete was- 
serfreie Delphinidinchlorid (ohne besondere Reini- 
gung) ergibt die folgende Analysenzahlen. 

2.800 mg lufttrockene Subst. verloren im Vakuum 
(2mm Hg) bei 105° tiber P20; 0.185 mg an Gewicht. 

2.619 mg wasserfreie Subst.: 5.058 mg CO; 0.714 
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mg H20 


C5H1107Cl Ber. C 53.15, H 3.25 
Gef. C 52.78, H 3.06 


Cy5Hy,07Cl-1!/2 H,O0 Ber. H20 7.38 
Gef. H2,0 6.61 


Die Absorptionsspektren von Tulipa-Farbstoffen. 


Die Absorptionsspektren von dem in der Natur auftretenden Anthocyanidin, wie 
K. Hayashi in seiner dritten Mitteilung tber die spektrographischen Untersuchungen 
der Farbstoffe von Anthocyanidintypus ausfiihrlich beschrieben hat, wurden zur Kon- 


Aglykon (Delphi 
-5/100,000 Mol 


———.. Lulipaninchlorid 
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700 600 500 400 300 
Wellenlange 


Fig. 4. 


nidinchlorid) 
in abso!l. EtOH (HCl-Konz. 0.1%) 


4/100,000 Mol in 60% EtOH (HCI-Konz. 0.1%) 


stitutionsermittelung des hier aus Twlipa-Bliiten isolierten, zuckerfreien Farbstoffs 
nutzbar gemacht. Hierbei werden auch die Absorptionskurven des Glukosids sowie des 
Aglykons dargestellt. Zum Spektrographieren wurde das Aglykon in absolutem Athanol 
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(5x10-8 Mol) und das Glukosid in 60 proz. Athanol (410-5 Mol) gelst, wobei 
der Chlorwasserstoffgehalt der Lésungsmittel zu 0.1 Proz. eingestellt wurde (Fig. 4). 
Aus der Kurvenform und Absorption in der Nahe von 358 mp, wie in Fig. 4 
angegeben ist, kann man darauf schliessen, dass das Tulipa-Aglykon nichts anderes 
als Delphinidin selbst ist. Noch weiter stimmt Tulipa-Aglykon mit Delphinidin- 
Praparat von K. Hayashi nach papierchromatographischer Methode gut iiberein. 
Zum Schluss méchte ich Herrn Prof. Dr. K. Hayashi in der Tokyo Universitat 
fiir Erziehung fiir seine vielseitige Belehrung und stetige Anregung meinen tief 


gefiihlten Dank aussprechen. 
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A Large Silicified Wood of Aleurites from the Miocene of 
Isikawa Prefecture, Honsyu* 


by Shunji WATARI** 
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Recently the writer received a fragment of silicified wood, about 7x10x15cm 
in Size, together with a set of ground sections from Mr. H. Matsuo of the Geological 
Institute of the Kanazawa University. According to him the specimen was obtained 
from a huge trunk more than one meter in largest diameter and at least five meters 
in length, and he also announced that it was found from a green tuff formation 
(Miocene) at Seryo, Oosugidani-mura, Nomi District, about thirty Km southwest 
from Kanazawa City, Isikawa Prefecture. 

For precise identification, several additional sections were cut. The state of 
preservation of internal structures in these sections is found to be fairly poor, infla- 
tion, deformation or disorganization of elements being observed elsewhere. However 
small areas which retain a considerable detail of structures are scattered here and 
there in most of these sections, and after carefully examining through them the 
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writer came to the conclusion that the fossil in hand should be identified as an 
extinct species of Aleurites (Fam. Euphorbiaceae). 
Aleurites miocenica Watari, sp. nov. 

Description. Wood apparently ring-porous excepting narrow tings where this 
Boundaries of growth rings 
Pores 


feature is more or less obscure (cf. note on p. 471). 
distinct but faintly, deliniated by a few layers of slightly flattened elements. 
predominantly solitary and in radial multiples of 2-3 Coccasionally up to several), 
or rarely in a netlike circular group or more or less irregularly clustered; solitary 
pores circular or oval in outline, the largest in earlywood 250-350 microns in tan- 
gential diameter; walls generally thin excepting the common-walls which are fairly 
thickened. Length of vessel segments 250-600 microns ; perforation plates exclusively 
simple with more or less prominent perforation rim and slunting a ta variable 
angle; intervessel pits essentially alternate, circular to oval, or not infrequently 
polygonal through crowding ; 6-15 microns in horizontal diameter, apertures lenticular 
to narrow elliptical and more or less horizontally placed, and 2-several inner apertures 
frequently confluent; thin-walled tyloses present in some vessels. Non-perforate 
tracheary elements forming the ground 
mass exclusively libriform fibers, non- 
septate, and arranged in more or less 
in regular radial rows, mostly 15-30 


microns in diameter and very thin- 
walled. Parenchyma vasicentric and 


oes TO, ee diffuse and slightly more developed in 
Y T/. lp. vi wulp” of se Wrr7 Wie the porous zone; vasicentric parenchy- 
a BIO COMERS ma more or less sheathing the vessel, 
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Fig. 2. Aleurites miocenica Watari, sp. nov. 


Redial section showing a vessel v with 
crowded polygonal pits, vasicentric 
parenchyma p with characteristic scalari- 
form pits, and a ray r with various 
patterns of pits arrangement (x 250). 


scalariform, half-bordered and provided 
with narrow aperture; chambered pa- 
renchyma containing figures suggesting 
the presence of solitary crystal rarely 
found. Rays unstoried and heterogene- 
ous (Kribs Het. III), uniseriate or rarely 
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in part biseriate, 1-20, mostly 3-10, cells high, consisting of a series of oval to circular 
cells, 15-40 microns in tangential diameter and provided with conspicuous triangular 
intercellular spaces; in radial section, it reveals that rays are composed exclusively 
of upright and squarish cells or interspersed by a few layers of short procumbent 
ones which correspond to the isodiametric elements in the tangential section. Excepting 
the part where a ray passes through the ground mass, upright elements 20-35, 40- 
60 microns, squarish ones, usually 20-40 microns, and procumbent ones 45-80 x 15-35 
microns, in radial and vertical diameters respectively, whereas when a ray contacts 
with larger pores, individual elements more or less radially elongated. All walls 
slightly thickened and pitted; pits into vessel fairly variable in size, form, as 
well as in arrangement; circular to oval or angular by mutual contact and arranged 
in somewhat alternating rows in some places, and then, in other places, elongated 
or irregularly confluent to form various patterns; more frequently half-bordered 
with narrow lenticular to elliptical apertures, and occasionally simple. A tangential 
row of traumatic intercellular canals present in a cross section (No. 53202 A); canals 
circular, oval, or somewhat triangular in outline, 400-700 microns in tangential 
diameter, and spaced at 300-700 microns, no large pores being found between them; 
occlusion suggesting gummy substances present in every canals. 

Note:——In a cross section (No. 53202 A) whose preservation is fairly excellent, growth 
rings are generally narrow, mostly 0.2-1mm in width and faintly deliniated by a few layers of 
slightly flattened elements on the outer margin of increments. Most rings contain only a few 
layer of large pores or occasionally associate with an intermittent row of much smaller pores 
on the outer margin of increment, in extremely narrow ones there being only a single row of 
large pores. In other cross sections (No. 53202 D and E) whose preservation is extremely poor, 
it is observable that there are a few fairly broad rings (upto 5mm) and pores are diminishing 
their size more or less abruptly toward the outer margin of increments. Thus it is apparent 
that the wood is essentially ring-porous and that the condition shown in the narrow-ringed 
specimen is caused by a lack of the typical zone of the latewood. 

Locality and horizon; Seryo, Oosugidani-mura, Nomi District, Isikawa Prefecture ; 
green tuff formation (Miocene) ; collected by H. Matuo in 1955. 

Holotype; Botanical Institute, Faculty of Science, University of Tokyo, No. 
53202, represented by nine ground sections (A-H). 

Affinity. Important anatomical characteristics in the determination of the affinity 
of the present fossil may be summarized as follows: (1) ring-porosity of the wood; 
(2) fairly large, thin-walled pores which are scattered predominantly solitarily or 
in small multiples provided with more or less thickened common-walls; (3) simple 
perforation of vessel segments; (4) non-perforate tracheary elements forming the 
ground mass composed exclusively of non-septate, markedly thin-walled and large- 
lumened libriform fibers which indicates a soft and light nature of wood; (5) occur- 
rence of diffuse and vasicentric parenchyma; (6) predominantly scalariform pits 
between parenchyma and vessel; (7) rare occurrence of the chambered parenchyma ; 
(8) rays which are unstoried and exclusively uniseriate or rarely in part biseriate, 
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consisting of upright and squarish elements or interspersed by medial short pro- 
cumbent ones (Kribs Het. III); (9) fairly variable patterns of pitting between ray 
and vessel; (10) occurrence of a tangential row of traumatic secretory canals. 

Woods which are characterized by the occurrence of exclusively of uniseriate 
rays are known in many species belonging to a considerable number of families. 
Most of them, however, are easily eliminated by either of the following character- 
istics of them, that is, the scalariform perforation of the vessel (e.g. Alnus, Hama- 
melis, Bucklandia, Cleyera), perforation of vessel is simple but pores are markedly 
numerous or exceedingly small (e.g. Populus, Salix, Zyziphus, Pyrus, many species 
of Celarastraceae, Aesculus), and such special patterns of the pore distribution as 
radial, flame-like, or festoon-like arrangement (e.g. Castanea, Castanopsis, Passania, 
Sideroxylon). Heterogenity of the rays in the fossil further denies the affinity 
with such woods as Tamarindus, Koelreuteria, and Pometia. Thus there remain 
relatively a small number of woods whose rays are uniseriate and heterogeneous 
when one omits those mentioned above, that is, so far as the writer is aware, they 
are a certain member of the Euphorbiaceae (Mallotus, Sapium and Aleurites), 
Combretaceae (Terminallia), and Guttiferae (Callophyllum). However, Sapium, 
Terminallia and Callophilum are apparently distinguishable by their decided diffuse- 
porosity, the latter being also by the presence of broad bands of metatracheal 
parenchyma. 

As is shown above, the predominantly scalariform pits between parenchyma 
and vessel makes one of the salient characteristics of the present fossil. This fasture © 
was cited by Ogura (1932) in his study on a fossil species of the Euphorbiaceae, 
Phyllanthinium pseudohobashiraishi, as a feature which is observable only in the 
Euphorbiaceae and a few others such as Lauraceae, Anacardiaceae, Hamamelidaceae 
and Sabiaceae. In this regard, Mallotus is also apparently not the case, since in 
this genus the pits are circular and arranged alternately. It becomes hence obvious 
that there is none of woods otherwise a certain member of Aleuyites which is per- 
fectly identical with the combination of features listed above excepting the occur- 
rence of traumatic secretory canals. 

Recently, in his study on a fossil wood from the Tertiary of Sahara, Boureaux 
(1955) chose the occurrenc of the traumatic secretory canals as an important diag- 
nostic characteristic and successfully arrived at the conclusion that it is an extinct 
species of the Combretaceae, Terminallioxylon edengense. Such a feature may, 
indeed, usefully and powerfully be utilized so far as this particular character is 
combined with an assortment of other characteristics which is common to the 
specimen under consideration and another fossil or living representative. It should 
be noticed here, however, that one scarcely expects a constant occurrence of such a 
sporadic feature in a given specimen as in the case of the present material in 
which only a single row of the traumatic canals is present among three cross 
sections, On the other hand, it is to be noted that there exist perhaps a considerable 
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number of woods whose possession of this character is unfortunately unrecorded or 
overlooked. In the present state of the wood anatomy of the dicotyledonous woods, 
our knowledge concerning to the said character may be somewhat different from 
case of some coniferous woods such as some members of the Pinaceae and Taxo- 
diaceae whose traumatic reactions have been repeatedly discussed as an important 
item in considering their phylogeny. 

According to Boureaux, this special traumatic reaction occurs in twenty-five 
families including the Euphorbiaceae and he noted that it is known in this family 
only in some species of Croton. As mentioned by him, there are no records of the 
presence of this character in the modern representatives of Aleurites and the writer 
also fails to find out it in A. cordata, yet it is not regarded, as discussed above, as 
a factor which denies the affinity of the fossil with the said genus, since other 
numerous characters strongly indicate it, but the occurrence of the character in an 
intimately allied genus Croton belonging to the same subfamily may rather be 
capable as a fact intensifying this possibility. 

The genus Aleurites comprises of two deciduous species, A. Fordiz Hemsl. and 
A. cordata R.Br., and three evergreen species, A. montana Wils., A. moluccana Willd., 
and A. trisperma Blanco (Pax & Hoffmann 1931), The pattern of pore distribution 
in the fossil immediately suggests a close affinity with the deciduous species”. 
However, the sheath of vasicentric parenchyma, especially in the porous zone, of the 
fossil is slightly thicker than in the case of modern species. In this connection, it 
will be appropriate to consider that it is an extinct form of the geuns which is very 
close either to A. cordata or A. Fordit. 
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1) Accoding to Janssonius (1934), the wood of A. moluccana is apparently diffuse-porous, 
pores are scattered very sparsely throughout the increments, and, furthermore, rays are not 
exclusively uniseriate but they reach 2-3 cells in width. 


Notes on Gametophyte and Young Sporophyte of Angiopteris 
suboppositifolia de Vries* 


by Yoshitomo Nozu** 
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Recently, in order to solve various problems of the morphology and phylogeny 
of ferns, important studies on the nature of gametophytes and young sporophytes 
are rapidly increased and studies on the gametophyte of the Marattiaceae have been 
given by such authors as Jonkman (1878, Marattia and Angiopteris), Farmer (1892, 
Angiopteris evecta), Campbell (1911, Marattia, Angiopteris and Kaulfussia), Land 
(1923, A. evecta), Sasaki (1928, Archangiopteris Somai), Haupt (1940, A. evecta), and 
Stokey (1942, Mavattia sambucina). 

In December 1955, the writer had an opportunity to collect a considerable 
number of prothallia and a large amount of fully matured spores of Angiopteris 
suboppositifolia de Vries at Yawatano, Izu Peninsula, Shizuoka Prefecture. Most of 
the prothallia collected there bear young sporophytes showing various stages of 
their development and some of them are provided with sexual organs. ‘The spores 
were sown on Sphagnum in the greenhouse and fortunately they germinated. 

The present study on the gametophyte and young sporophyte was made on the 
basis of the materials collected in nature as well as those obtained in culture. The 
development of the sexual organs was investigated from the materials embedded in 
paraffin after fixation with formalin-acetic-alcohol and sectioned by microtome. 


Observation 


In this species radial spores are predominate. They measure 40x50 microns in 
average size. In culture they usually germinate within two weeks and germination 
occurs in a split of spors coat. Chloroplasts may be seen in the first cell of gameto- 
phyte. When 1-2 cells are formed a rhizoid emerges from the ventral surface of 
the basal cell, and it is typically large unicellular and reddish brown or sometimes 
chocolate brown in colour from its very first appearance. When the filament becomes 
about 2-3 cells long, a longitudinal division begins in the cell just behind the terminal 
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cell (Fig. 3), though occasionally there is no 
filament stage but such a division takes its 
place in all cells immediately after the 
germination. The thallus increases gradual- 
ly its width by subsequent longitudinal and 
transverse divisions (Figs. 4, 5). At the 
time when the thallus grows nearly to the 
stage shown in Fig. 5, an apical cell may 
be found usually at a more or less lateral 
position of the thallus. The apical cell under- 
goes frequent divisions to form a cordate 
thallus preceeding to its activity is replaced 
by marginal meristems, though, under some 
unfavourable conditions, a spatulate thallus 
is occasionally formed (Fig. 6). The further 
growth of the thallus is, however, approxi- 
mately symmetrical, though an unusual 
activity of the marginal initials occasionally 


Fig. 1. Young sporophytes of Angio- 
pteris suboppositifolia attached to the 
gametophytes. 1.5, 


Fig. 2. Spore. Fig. 3. a, Beginning of germination (normal type). b, Massive one 
(abnormal type). x150. Figs. 4, 5. Development of gametophyte showing an apical 
cell. Fig. 6. A case of spatulate form. Fig. 7. Detail of apical part of a young 
gametophyte. Figs. 8,9. Asymmetrical gametophytes. Fig. 10. a, b, c. Juvenile leaves. 
Fig. 11. Cross section of the gametophyte showing the position of sexual organs. 


Fig. 12. Marginal portion of gametophyte. 


Fig. 13. Apices of rhizoids. x 150. Fig. 
14. Juvenile leaves attached to the gametophyte. 
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results an asymmetrical form 
(Figs. 8, 9). In mature state 
(Fig. 15) the thallus assumes, 
alike the usual type of Polypo- 
diaceous ferns, a broadly cordate 
form which is characterized with 
a deep notch and well developed 
wings composed of thin-walled 


a 


v. 


Y) 


rp) 


cells containing numerous chlo- 
roplasts. The wing is of one 
cell in layer excepting the por- 
tion which is adjacent to the 
midrib (Figs. 11,18). The fully 
grown prothallia bearing sex 


organs measure mostly from 5 to 
Fig. 15. Detail of a mature gametophyte 


(ventral view). 10mm both in length and in 


width (Fig. 15). But in the 
case of the older ones the wings are ruffling. Large numbers of unicellular rhizoids 
(Fig. 13) are found excepting the marginal portion. The marginal cells have no 
hairs (Fig. 15). 

The midrib is about 10 cells thick and projected markedly on the ventral surface. 
Branching of the midrib is found on some asymmetrical gametophytes (Fig. 9). The 
gametophyte occasionally persists until the third leaf is fully matured. In culture, 
if conditions are favourable, a massive thickening of the thallus may occasionally 
occur at an early stage (Fig. 3, b). In this stage, a thallus is composed of about 
eight cells with chloroplasts. 

Antheridium—Antheridium of the present species shows many particularities in 
its habit, form, as well as in its development. The antheridia occur usually on the 
dorsal side, rarely also on the ventral. The antheridium initial originates from the 
superficial cells of the thallus. It can occasionally be distinguished from the other 
superficial cells by its larger nucleus. The initial divides into the outer cell and 
inner cell by a periclinal wall. The outer of the two cells divides anticlinally, while 
the inner cell gives rise ultimately to the spermatogenous tissue. The two result- 
ing outer cells then divide slightly oblique or anticlinally, namely, the primary 
cover cell undergoes three anticlinal divisions forming in the center a triangular 
opercular cell which is located at the more outer portion of the antheridia (Fig. 
16). The inner cell is divided firstly by an anticlinal wall and subsequent divisions 
of these cells are simultaneous. The spermatocyte mass is cut off from the sur- 
rounding cells by a mantle or jacket layer, but it is sometimes incomplete (Fig. 17). 
At the later stage, the coiled spermatozoids are clearly visible in section. An anthe- 
ridum may contain 30 to 60 sperms. Thus, the antheridium assumes a form of 
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* sunken and large ball, there being a great range in their size. Broken opercular 
cells are observed elsewhere, though the behaviour on the dehiscence of the antheri- 
dium was not observed. 


Fig. 16. Surface views of 
an antheridium and triangular Fig. 17.'a 


Longitudinal section of a mature antheri- 
cap cell. x 600. 


dium. x600. b, young antherium. x 600. 
Archegonium—The archegonium is always produced on the ventral side of the 
prothallium when it is about one month old in culture. They appear in considerable 
numbers, but rather less than in most of the Leptosporangiate ferns. The initial 
cell may be distinguished from the neighbouring superficial cells by its larger 
nucleus and the deeply stained cytoplasm. The development of archegonium proceeds 
in the usual manner, as given by Haupt (1940). Namely, the initial is divided into 
primary neck cell and the central cell by a periclinal wall. The primary neck 
cell soon divides into 
two, then four by succes- 
sive anticlinal divisions. 
Differing from the case 
of many ferns, neck of the 
archegonium does not 
project prominently from 
the surface, but bulges 
out a little above the 
surface. In the mean- 
time the central cell 
divides into two, a vent- 
tal cell and a_ neck 
canal cell, one of which, 
that is, the ventral cell, 
soon divides in the usual 


fashion again into a vent- 


ral canal cell and an Fig. 18. Cross section of marginal portion of the game- 
tophyte. x150. Fig. 19. Cells of midrib. x600. Fig. 20. 
Cross section of a part of midrib. x600. Fig. 21. Arche- 
gonium. a, Mature archegonium in longitudinal section. 
the egg is rather small «600. b, Young archegonium in longitudinal section. x 600. 


and lies at the bottom of c, Surface view. x 150. 


egg. The ventral canal 
cell relatively large, while 
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the wide archegonial cavity. The neck canal cell is broad and divided into two, 
but usually the division wall may be found. The basal cell is not always found. 

Young sporophyte—Earlier stages of the leaf development are shown in Fig. 10. 
At the one end of the embryo the divisions are more active and gradually the 
initiation of the stem and the primary leaf can be recognized. At a comparatively 
later stage the endogenous structure of the primary root makes its appearance by 
the active cell divisions in the 
another end of the emdryo, and 
the root soon emerges on the 
lower side. The apical cell of 
the root is essentially tetra- 
hedral, though in the later 
stages this condition is apt to 
be obscure. The derivatives of 
the apical cell appear by anti- 
clinal divisions. The cortex is 
derived from the middle and to 


some extents from the inner 
Fig. 22. Longitudinal sections of embryos in and outer cells which resulted 
advanced stage. x 150. sah 

from the periclinal divisions of 

the cells adjacent to the apical cell. In the primary root can usually be found a 

centrally placed vascular bundle which is provided with two or three spiral tracheids. 

At this stage, tannin can be recognized in most cells of the cortex which are stained 

very strongly with safranin, starch grains being also found at the inner region of 
the cortex. 

A primary leaf appears on the dorsal surface as a small protuberance as is 
shown in Fig. 10,a. A primary leaf may reach the length of 10mm, and the lamina 
usually acquires the shape of a fan (Fig. 14), though the form is variable as reported 
by Campbell (1911). The venation of successive juvenile leaves changes from dichoto- 
mous to sympodial branching. 


Discussion 


There are notable differences between the morphological characters of the 
gametophyte of Angiopteris and those of the Polypodiaceous ferns. Those which 
are of special interest are: 


a) particular feature in the form of c) markedly thickened midrib 

the thallus in the early stage of d) absence of hairs 

its development e) reddish brown, unicellular and large 
b) characteristic dark green colour of rhizoid 


the thallus f) sunken and large antheridium 
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g) archegonium with less projected h) small egg and wide archegonial 
neck cells cavity 


After the germination of spore, the filament does not markedly elongate as in 
the case of many other ferns, but the short filament is soon transformed into a thin 
and more or less broad body, or, occasionally in culture, into somewhat massive one. 
It is interesting enough in this connection that these two conditions agree respectively 
with the “plate” and “mass” formation pointed by Stokey in an earlier stage of 
the prothallium development of such primitive ferns as Marattia, Dipteris and Matonia 
(1942, 1945, 1952). One of the characteristics of the genus, the strikingly deep green 
colour of the prothallia is said to be related to their long-lived habits as pointed 
out by Eames (1936) and Haupt (1953). The midrib of the prothallia in Angiopteris 
may reach about 10 cells in thickness. It also agrees with the case of primitive 
ferns such as Matonia, Dipteris, Gleichenia and Cheiropleuria. As Land (1923) 
pointed out, the markedly thickened midrib of Angiopteris, as well as of the other 
primitive ferns mentioned above may be capable as a feature which indicates a 
certain relationship with such ferns as Psilotaceae, Lycopodiaceae and Ophioglossa- 
ceae whose gametophytes are massive and subterranean in their habits. Furthermore, 
the absence of hairs excepting unicellular and large rhizoids in the gametophyte 
of this genus seems to be received as a characteristic of the primitive ferns. 

The character of sex organs of Amgiopiteris is not found in any other ferns, 
excepting relatively few lower members. The antheridium in Angiopteris is of the 
sunken type with divided cap cells and the spermatocyte mass which produces 30- 
60 sperms. The development of the antheridium in Amngiopteris resembles that of 
other members of the Marattiaceae and Ophioglossaceae (Campbell 1911, Haupt 1940 
and Nozu 1954). Also a triangular opercular cell in the antheridium is a character- 
istic known only in a few of other ferns. So far as the writer’s observation is 
concerned, a large numbers of archegonia are born only on the ventral surface, 
though Jonkman (1878) found them also on the dorsal side. The archegonium of 
this species is short and scarcely projects above the surface. So far as they are 
known, such a type of archegonium (also antheridium) is known only in some 
Eusporangiate ferns. In Archangiopteris, Sasaki (1928) found that the archegonia 
were situated near its median portion of the ventral surface of the thallus and took 
a small circular form. Ophioglossaceous ferns are example of such a case, but the 
archegonium neck of them is more slightly projected than in the case of Angiopteris. 
As Jonkman and Farmer illustrate, an archegonium is always project provided with 
a canal composed of two conspicuous neck canal cells, there being never observed 
a single binucleate neck canal cell which was found by Campbell (1911) in Marattia. 
The egg is small and lies at the bottom of the wide archegonial cavity, as pointed 
out by Haupt (1940) and Stokey (1942). In Amgiopteris a basal cell. in the arche- 
gonium does not always be found, as was reported by Farmer (1892) and Haupt (1940). 
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Though it is unnecessary to discuss an early development of the young sporo- 
phyte here, because Farmer (1892) and Campbell (1911) already reported in detail, 
it is to be noted that the tannin cells adjacent to the vascular bundle are conspicuous 
and the definite endodermis is not found. 

As already mentioned above, most of characteristics of the gametophyte in An- 
giopteris are indeed primitive and show little affinity to other ferns. In regard to 
the question of the relationship of the Marattiaceae to Ophioglossaceae, Campbell 
(1911) states that they show a marked resemblance in many respects. However, 
in the writer’s observation the gametophytes of both Angiopteris and Ophioglossa- 
ceae resemble each other in its antheridial characters but differ both in mature 
features and in archegonial characters, just as in the case of sporophyte. 


Summary 


The gametophyte and young sporophyte of Angiopteris suboppositifolia grown 
in nature and in culture were studied. Spores germinated about two weeks after, 
giving rise to a very short filament which develops soon to form a thin body or, rarely 
in culture, somewhat massive one. The fully mature thallus is characteristic dark 
green in colour and broadly cordate with a midrib which may reach about 10 cells 
in thickness. Excepting unicellular, large and reddish brown rhizoids, no hairs are 
present at any stage. Antheridium is situated on the dorsal surfaces, rarely also 
on the ventral; they are of the sunken and large primitive type with a triangular 
cap cell and a large output. Archegonium is situated always on the ventral surface; 
the archegonium neck is short and scarcely projects above the surface, and the 
small egg lies at the bottom of the wide archegonial cavity. In the type of ger- 
mination and in the form of mature thallus, Azgiopteris shows the primitive type 
of the Leptosporangiate ferns, while in the features of sex organs it resembles 
closely such Eusporangiate ferns as the other genera of the Marattiaceae and 
Ophioglossaceae. 


The writer wishes to express his heartfelt thanks to Em. Prof. Y. Ogura and 
Assistant Prof. S. Watari, University of Tokyo, for their kind advices and many 
courtesies. 
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Quantitative und morphologische Studien iiber die ober- 
und unterirdischen Stamme von eingien Krautarten* 


von Akira MIyAWAki1** 
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Eingegangen am 30. Juni 1956 


Morphologisch sind oberirdische und unterirdische Stamme eigentlich das 
gleiche Organ. Der erstere wachst oberirdisch und der letztere unterirdisch. 
Funktionell tragt der oberirdische Stamm Blatter und Bltiten, wihrend der unter- 
irdische Stamm den Obererdteil der Pflanze stiitzt, Wurzeln aus jedem Knoten treibt, 
und sogar die Nahrungsstoffe speichert. Anatomisch gesehen, gibt es im allgemei- 
nen auch einen ziemlichen Unterschied in beiden Stammformen in bezug auf die 
Menge der Hauptgewebsteile. Jedoch ist bisher tiber die Messung vom oberirdischen 
und unterirdischen Stamm noch wenig berichtet. 

Der Verfasser hat an oberirdischem und unterirdischem Stamm von einigen 
Krautarten einen quantitativen Vergleich des inneren Baues gemacht. Um einen 
Anhaltspunkt iiber die Ursache dieses Unterschiedes zu gewinnen, wurden die ober- 
irdischen Stimme in die Erde begraben und andererseits die unterirdischen Stamme 
aus der Erde herausgegraben und beide weiter kultiviert. Die dadurch herbeige- 
fiihrte Strukturveranderung in den Stammen werden im folgenden im Vergleich zu 
intakten Stammen berichtet. 


Material und Arbeitsmethode 


Von April bis August 1952 wurde eine Vorpriifung ausgefiihrt. Auf Grund der 
Ergebnisse sind weitere Versuche vom April bis August 1953 mit den folgenden Arten 
ausgefiihrt worden: Mentha arvensis L. var. piperascens Malinv. (Labiatae), Houttuy- 
nia cordata Thunb. (Saururaceae), Aster Yomena Makino (Compositae) und Calyste- 
gia hederacea Wall. CConvolvulaceae). Mentha arvensis wurde von Prof. Ogura 
verschafft und die iibrigen Arten im Grundstiick der Yokohama Staatlichen Univer- 
sitat gesammelt. Okologische Behandlung ist im Versuchsgarten der Universitat 
ausgefiihrt worden. 

Aus dem Ergebnis der Vorpriifung, wurde einiger quantitativer Unterschied in 
demselben Individuum klar gesehen, je nach der Stufe des Wachstums und dem Teil 
der Pflanze. Die Versuchspflanzen wurden jeweils aus denselben Pflanzengesell- 


*Untersttitzt durch ein Stipendium des Kultusminsterium. #}72B)sQwIge 
** Biologisches Institut der Yokohama Staatlichen Universitat, Kamakura, Japan. faJeEy\ZR 
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Abb. 1, Querschnitte durch Stimme von Mentha arvensis; a, 
oberird. Stamm, b, unterird. Stamm, x 15. 


schaften von ziemlich gleicher Individuendichtigkeit ausgewahlt. Um die genauere 
vergleichende Beobachtung zu machen, wurden Blécke aus dem Internodium zwischen 
4. und 5. Knoten jeder Pflanze herausgeschnitten, und aus diesen die Querschnitte 
mit dem Mikrotom hergestel!lt. Alle Messungen wurden am Durchmesser des Stammes 
und des Marks, und an der Dicke der Rinde und des Gefassbiindelbezirks bei jedem 
Schnitt mit dem Mikrometer gemacht. Ausserdem wurden Rd-Q* (das Verhaltnis 
von Dicke der Rinde zu dem Radius des Stammes) und Mr-Q** (das Verhaltnis von 
Radius des Marks zu dem des Stammes) gerechnet. 


Abb. 2. Querschnitte durch Stimme von Aster Yomena seed 
oberird, Stamm. b, unterird. Stamm. x15. 


’ 


a Rd-Q. (=Die Dicke des Rinden-Quotienten) (Miyawaki 1955) stellt den Prozentsatz von der 
Dicke der Rinde zum Radius des Stammes desselben Individuums dar; némlich, 
Dicke des Rindes 
Rd-Q = 
Q Radius des Stammes es 
** Mr-Q. (=Der Radius des Mark-Quotienten) ist ebenfalls; 
Mr-Q = Radius des Marks 


Radius des Stammes 


100 


rae & 
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Das Experiment besteht darin, dass der oberirdische Stamm in den Boden be- 
graben und der unterirdische Stamm dagegen aus dem Boden herausgenommen 
wurde. Dieses Verfahren wurde an Mentha arvensis var. piperascens und Hout- 
tuynia cordata angewandt. Nach 30 Tagen wurde die Messung ausgefiihrt und der 
Vergleich mit den Kontrollen gemacht. Von allen Werten der Messungen wurden 
der Mittelwert und die Standardabweichung berechnet und die Differenz der statisti- 
schen Sicherheit mit dem Mittelwert ausgerechnet. 


Abb. 3. Querschnitte durch Stimme von Calystegia 
hederacea; a, oberird. Stamm, b, unterird. 
Stamm. x15. 


Versuchsresultate und Diskussion 


1. Der Vergleich des oberirdischen und unterirdischen Stammes. 

Die Resultate der Messungen an den inneren Strukturen sind in der Tabelle 1 
angegeben. Dazu wahlten wir Stamme von beinahe gleichem Durchmesser. Es wur- 
den Differenzen der statistischen Sicherheit in 3 Arten mit der Ausnahme von Mentha 
arvensis bemerkbar. Namlich waren die Durchmesser der oberirdischen Stamme bei 
Houttuynia cordata und Calystegia hederacea kleiner als die der unterirdischen, 
wahrend die Sache bei Aster Yomena ganz umgekehrt war. Im Durchmesser des 
Marks war der oberirdische Stamm grésser als der unterirdische. Die Dicke des 
Gefassbiindelbezirks verhielt sich wie der Durchmesser des Marks in Houttuynia 
cordata, Aster Yomena, Calystegia hederacea, wahrend die Sache in Mentha arven- 
sis umgekehrt ist. Die Dicke der Rinde war bei oberirdischem Stamm kleiner als bei 
unterirdischem von den 4 Arten, und zwar wurden die Differenzen der statistischen 
Sicherheiten an 3 Arten, Aster Yomena ausgenommen, gesehen. Da aber in diesen 
Fallen die Durchmesser der gemessenen Stammteile nicht gleich waren, ist das Ver- 
haltnis des Radius des Stammes zu der Dicke der Rinde natiirlich notwendig geworden. 
Daher stehen die Resultate, die bei allen der 4 Arten durch Rd-Q berechnet und ver- 
glichen wurden, in nahem Verhaltnis mit der Differenz der statistischen Sicherheiten ; 
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Anatomischer Vergleich des oberirdischen und unterirdischen 


Aster Yomena 


4005+ 600, 2 (20) 
782 
3223 +537.1 (31) 


1745+266.8 (20) 
458 
12874313. 6 (31) 


510+ 98.2 (20) 
iis 
337+ 74.3 (31) 


570+ 12.5 (20) 
39 
‘609+ 29.3 (31) 


44.1+ 5.97(20) 
5.0 
39.14 4.88(31) 


28.8-+ 2.58(20) 


Calystegia hederacea 


2106-+410. 8 (30) 
1001 
31074724. 6 (30) 


1003+ 59.5 (30) 
37 
966-+ 37.0 (30) 


275+ 53.1 (30) 
10.3 
265+ 86.6 (30) 


268-+ 38.5 (30) 
505 
773+ 23.0 (30) 


45.7+ 3,73(30) 
13,2 
31.5+ 1.44(30) 


27.2+ 2.98(30) 
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Tabelle 1. 
Stammes (Messung in Mikron). 

Mentha arvensis Houttuynia cordata 
Ober. 3163+454.8 (30) 2840+432.0 (50) 

Durchm. d- / ty¢5, 177 272 

Stammes _— 
Unter. 2986-+625.2 (30) 3112+422.3 (51) 
Ober. 2280+375.9 (30) 1844+435.0 (50) 

hacen E lS 160 303 
Unter. 2120+364.0 (30) 1541+422.3 (51) 
Ober 197+ 44.6 (30) 257+ 35.4 (50) 

eee | Uts. 19 15 
Unter. 216+ 73.0 (30) 242+ 52.8 (51) 
Ober. 229+ 39.7 (30) 250+ 48.3 (50) 

Rinde  ) Ute 166 272 
Unter. 395+ 52.6 (30) 522+ 69.0 (51) 
Ober. 71.7+ 4.02(30) 63.96+ 6. 26(50) 

Uts. 8.4 14.91 
Unter. 63.3+ 4.94(30) 49. O54 4, 08(51) 
Ober. 14.9+ 1.96(30) 17.52+ 2.06(50) 

Rd-Q Uts. 9.66 16. 28 
Unter. 24.6+ 3.06(30) 33.8 + 3.42(51) 


10. 2 


23.8 
39.0+ 1.84(31) 


51.0+ 4.90(30) 


Durchm.= Durchmesser, Gef.= 
Unter.=Unterirdischer Stamm. 


Gefiissbundel, Ober. = Oberirdischer Stamm, Uts. 


= Unterschied, 


Eingeklammerte Zahl zeight gemessene Individuenzahl. 


Differenz der statistischen Sicherheit in Bedeutungsschwelle von 5 Prozent ist unterstrichen. 
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Abb. 4. Vergleich der Rd-Q Kurven von Mentha 
arvensis. Dicke ausgezogene Linie=unterird. Stamm, 
gestrichelte=oberird. Stamm, diinne ausgezogene 
Linie=herausgegrabener unterird. Stamm, diinne 
gestrichelte=begrabener oberird. Stamm. Indivi- 
duenzahlen in Tabelle 1, 2 und 3. 


d. h. oberirdischer Stamm kleiner als 
unterirdischer Stamm (Abb. 4—7). 
Es wurde gefunden, dass die Dicke 
der Rinde vom unterirdischen Stamm 
im Vergleich zu der des oberirdis- 
chen 1.6 mal als bei Mentha arvensis 
(Abb. 1), 1.4 mal bei Aster Yomena 
(Abb. 2) und 1.9 mal bei Houttuynia 
cordata (Abb. 8) und _ Calystegia 
hederacea (Abb. 3) grisser war. 
Mit anderen Worten, liegt der Ge- 
fassbiindelbezirk der unterirdischen 
Stamme 1.4 bis 19 mal tiefer im 
Innern als in den _ oberirdischen. 
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Ganz umgekehrtes Verhaltnis zeigen die Werte von Mr-Q bei 4 Arten; d. h. sie 
sind grésser im oberirdischen Stamm als im unterirdischen. 


Zahlen der Individuen 


Zahlen der Individuen 
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Abb. 5. Vergleich der Rd-Q Kurven von Houttuynia cordata. 
Erlauterung in Abb. 4. 
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Abb. 6. Vergleich der Rd-Q Kurven von Aster 


Yomena. Erléuterung in Abb 4. 


18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 
Rd-Q 
Abb. 7. Vergleich der Rd-Q Kurven von Calystegia hederacea. 


Erlauterung in Abb. 4. 


2. Der Vergleich des begrabenen oberirdischen und des herausgegrabenen unter- 


irdischen Stammes mit den Kontrollen. 
Im Naturzustand ist die Dicke der Rinde beim unterirdischen Stamm im. Ge- 


gensatz zum oberirdischen grésser: in anderen Worten tritt der Gefassbundelbezirk 
verhaltnismassig innenseits zuriick. Um die Ursache dieses Unterschiedes zu erfor- 
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schen, machten wir an dem Standort dkologische Experimente mit Mentha arvensis 
(vom 18. Mai bis 17. Juni) und Houttuynia cordata (10. Juni bis 10. Juli), indem 
oberirdische Stamme bis zum 6. Knoten in die Erde begraben und unterirdische 
Stamme aus der Erde auch bis zum 6. Knoten herausgegraben wurden. Nach 30 
Tagen wurden die Internodien zwischen dem 4. und 5. Knoten zur mikroskopischen 
Untersuchung herangezogen. Im Aussehen liess sich kaum bemerkenswerter Unter- 
schied beobachten, nur mit der Ausnahme, dass aus dem begrabenen oberirdischen 
Stamm Wurzeln entstanden. In Tabelle 2 sind die Vergleichsergebnisse mit den 
intakten Stammen angegeben. Bei den begrabenen oberirdischen Stammen steht der 
Radius des Marks im allgemeinen proportional dem Durchmesser des Stammes (Abb. 
8.) Der Zentralzylinder und die Rinde sind dtinner in dem intakten Stamm als in 
dem begrabenen. Die Differenz liegt im Rahmen einer statistischen Sicherheit. 


Abb. 8. Querschnitte durch Stimme von Houttuynia cordata; a, intakter 
oberird. Stamm, b, begrabener oberird. Stamm, c, intakter unterird. 
Stamm, d, herausgegrabener unterird. Stamm. Sg 


Die Werte von Rd-Q und Mr-Q sind in der Tabelle 2 und die erstere sowie 
in Abb. 4 und 5 angegeben. Rd-Q Werte sind kleiner in intakten als in den be- 


grabenen und Mr-Q Werte umgekehrt. Der Durchmesser des Marks bei intaktem 
Stamm ist kleiner als bei dem begrabenen. 


Der Durchmesser des Stammes im Verhaltnis zu dem des Marks und zu der Dicke 
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des Gefassbiindelbezirks 
ist kleiner in intakten 
als in herausgegrabenen 
Jedoch 
an der Dicke der Rinde 


unterirdischen. 


wurde ein umgekehrtes 
Resultat 
(Tabelle 3). Dies ist 
noch sehr auffallig in 
bezug auf Rd-Q. 

Aus 
bnissen ergibt es sich 


gewonnen 


diesen Erge- 


klar, dass sich die unter- 
irdischen Stimme, die 
herausgegraben 
den, durch das Dicken- 


wur- 
wachstum wahrend 
deren Behandlung his- 
tologisch den -oberirdi- 
schen Stammen nahege- 
kommen sind, weil we- 
gen der obengenannten 
Behandlung sich ausser- 
liche Faktoren im Laufe 
von 30 Tagen verander- 
die 


oberirdischen 


ten ; begrabenen 
Stamme 
ahnelten den unterirdis- 
chen. Wieler (1891) hat 
als der erste darauf 
aufmerksam gemacht, 
dass der histologische 
Unterschied 
den Wurzeln, begrabe- 


zwischen 


nen und herausgegrabe- 
nen, in einiger Bezie- 
hung zu den 4ausserli- 
chen zuriickzufiihren 
sei. Diesen Schluss 
hat er durch die Beob- 


achtung, dass der in 
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Tabelle. 2. Anatomischer Vergleich der begrabenen 
oberirdischen mit intakten Staémmen (Messung in Mikron). 


Duchm. d. 
Stammes 


Durchm. d. 
Marks. 


Dicke d. 
Gef. 


| 
| 
Dicke d. 


Rinde 


Mr-Q 


Rd-Q 
| 


Intakt. 
Uts. 
Begrab. 
Intakt. 
Uts. 
Begrab. 
Intakt. 
Uts. 
Begrab. 
Intakt. 
Uts. 
Begrab. 
Intakt. 
Uts. 
Begrab. 
Intakt. 
Uts. 
Begrab. 


Mentha arvensis 
3163+454.8 (30) 
118 
3281 +630. 8 (21) 
keh War eva 2) (GIO) 
232 
2048 + 462.0 (21) 
197+ 44: 62(30) 
72 
269+ 34. 41(21) 
229.3 + 39.68(30) 
59.3 
288.6 + 53.49(21) 
le (ea 0230) 
7.4 
+. 6.84(21) 
1. 96(30) 


64.3 
HAsO) 3 
3.7 
18.6 + 


2.4 (21) 


Flouttuynia cordata 


2840 + 
650 

3490+ 498 (35) 

1844+ 435 (50) 
306 

2150+ 

Zot =e 
66 

323+ 48.8 (35) 

250+ 48.3 (50) 
67 

S17es 1254.15) 

63.96 6.26(50) 
Dranlicy 

61: 83se) 3582(35) 

17.52+ 2.06(50) 
1.28 

18.8 + 


432 (50) 


360 (35) 
35.4 (50) 


2.74(35) 


Intakt.=Intakter Stamm, Begrab.=Begrabener Stamm. 
Andere Abktirzungen in Table 1. 


Tabelle 3. Anatomisher Vergleich des herausgegrabenen 
unterirdischen mit intakten Stammes (Messung in Mikron). 


Durchm. d. 
Stammes 


Durchm. d. 
Marks. 


| 
Dicke d. 
=a 


Mr-Q 


Rd-Q 


Intakt. 
Uts. 


Herausg. 


Intakt. 
Uts. 


Herausg. 


Intakt. 
Uts. 


Herausg. 


Intakt. 
Uts. 


Herausg. 


Intakt. 
Uts. 


Herausg. 


Intakt, 
Uts. 


Herausg. 


Mentha arvensis 
2986 625. 2 (30) 
505 
3491+468.5 (11) 
2120+ 364.0 (30) 
44 
2164+441.7 (11) 
216+ 73.0:/(30) 
84 
300+ 69.15(11) 
395-- 52. 62(30) 
18.7 
336.34 78.19(11) 
63.34 4.94(30) 
1.9 
61.44 
24.64 
4.0 
20.6+ 2.92(11) 


5. 33(11) 
3.06(30) 


Houtiuynia cordata 
3112+422.3 (51) 


114 
3226+326.9 (35) 
15414422. 3 (51) 

176 
1717 £930. 2 (35) 
242+ 52.75 (51) 
53 
295+55.99 (35) 
522-+68.99 (51) 
87 
435-499. 52 (35) 

49.054 4.08 (51) 

a5 

52.6 + 5.26 (35) 

33.8 + 3.42 (51) 

6.2 
27.6 + 4.92 (35) 


Herausg. = Herausgegrabener Stamm. Andere Abktirzungen 
in Tabelle 1. 
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den Boden eingelegte Stamm Wurzeln austrieb, gezogen. Fischer (1908) und Wolkott 
(1936) gaben an, dass eine quantitative Veranderung der Wurzel, die begraben war, 
von dem Einfluss des Lichtfaktors herriihren kénne. Morrison (1953) hat die Hypo- 
these von Wieler und anderen iiber herausgegrabene oder begrabene Wurzeln von 
einigen baumférmigen Pflanzen beweisen wollen. Aber er hat berichtet, dass er 
wahrend einer Vegetationsperiode keinen eindeutigen Erfolg gewinnen konnte. 

In diesem Versuche, in dem namlich der oberirdische und unterirdische Stamm 
untersucht wurden, sind sie morphologisch eigentlich gleichwertig. Der bemerkens- 
werte Unterschied war, dass im unterirdischen Stamm die Rinde dicker ist, indem 
der Gefissbiindelbezirk verhaltnismiissig ins Innere verschoben ist und so weiter. 
Dieser Unterschied wurde nur in einer kiirzeren Periode, also in 30 Tagen, durch 
eine einfache Behandlung hervorgebracht, woraus gefolgert werden darf, dass es sich 
hierbei um eine von Ausseren Faktoren verursachte 6kologische Erscheinung handelt. 


Zusammenfassung 


1. Der innere Bau des oberirdischen und unterirdischen Stammes wurde an 
einigen Krautern quantitativ untersucht. 

2. Die Rinde ist 1.4 bis 1.9 mal dicker in unterirdischem Stamm als in oberirdi- 
schem, und der Gefassbiindelbezirk liegt im ersteren Fall also verhaltnismassig tiefer 
im Innern des Stammes. 

3. Wenn oberirdische Stamme in die Erde begraben und unterirdische aus der 
Erde herausgegraben wurden und 30 Tage lang in diesem Zustande wuchsen, dann 
naherten sich die Werte Rd-Q von den ersteren Stammen denen von den letzteren, 
und umgekehrt. 

4, Aus obigen Resultaten wird geschlossen, dass aussere Faktoren auf den 
inneren Bau der Stamme einen ziemlich starken Einfluss ausiiben. 


An dieser Stelle sei es dem Verfasser gestattet, seinem verehrten Lehrer, Herrn 
Prof. Dr. Y. Ogura der Universitat zu Tokyo, fiir seine Anregung und stetige An- 
leitung den besten Dank auszusprechen, und er ist auch Herrn Dr. S. Watari der 
Universitat zu Tokyo und Prof. Dr. M. Kitagawa der Yokohama Staatlichen Uni- 
versitat, fiir gtitige Unterstiitzung und wertvolle Ratschlage zu grossem Dank ver- 
pflichtet. Besonderen Dank schuldet der Verfasser Herrn Prof. Dr. S. Hattori der 
Universitat zu Tokyo, ftir seine Mtthe zur Revision des Manuskriptes. 
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Preface 


The author has investigated over these ten years the phylogenetic development 
of vascular plants, especially the origins and evolutions of stem and leaves 
which are the most distinct organs in their somatic cormus or telomes, standing 
upon a new concept, the leaf-class concept quite different from any other already 
exsisted. 

In this concept, it has been stressed that, 1) concerning the characters of many- 
sidedness, their coexsistence to which many morphological concepts hitherto deliv- 
ered, opposed or overlooked or neglected should be allowed to occur in the just 
same body or individual, and that 2) a organ might or might not be built up from 
a whole, i. e. it was sometimes constituted from some members of organs, which 
belonged to the lower order, and in some times, it was constructed only by some 
partial members of a whole organ in higher order. 


The leaf-class G and the construction of F with S 


The leaf is not the exception in these organs of manysidedness. The construc- 
ting members of leaf or leaves have been analyzed and named by the author, “ Leaf- 
class”. some of which were substituted not only to normal derivatives of leaves, 
but also to some unfamiliar ones ; integument of an ovule or to axis of an inflorescence. 

Among several leaf-classes, the following three are remarkable in the modes 
or behaviours of their appearances, i.e. G, S, and F. The author has acknowledged 
some typical set of leaf-class G in Ginkgoariae as gymnospermous stage (1948, 
1952) and also in Polycarpicaeariae as angiospermous one (1952), and called the 
group with G, as Phyllopsida in Cormophyta. To the other example of the pattern of 
appearance in leaf-class, the author discovered the synthetic pattern of two different 
leaf-classes, S and F, in Amentiferariae under angiospermous stage, i. e. the combi- 
nation between the two members of the former in stipular phase and an individual 
of the latter in laminal or normal foliage leaf-phase. This group was named 
Stelopsida in Cormophyta. 


* Contributions from the Division of Plant-Morphology, Botanical Institute, Faculty of Science, 
University of Tokyo, N.S. No. 77. (A part of the invited address delivered to the general 
meeting of the Botanical Society of Japan, at Sapporo, on July 14, 1956. 
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The leaf arrangement (phyllotaxis) has received in different degree, evolutional 
change or transition. Though it is quite natural that their present stages are not 
always in the same order or level, the principal tendency of evolutional sequence 
is likely to be as follows: 

Some irregular arrangement > (Adjustment of their position by the rythmical 
repetition in the establishment of leaf primordia with some intervals) 

— verticillate arrangement with over 3-leaves in each node — (the oligophyllous 
tendency in each stair of verticillate leaves till to reach the lowest number of their 
members, i. e. 2-leaves) 

— opposite phyllotaxis > (the dislocation of the setting position of leaves in 
longitudinal directions, leaving no change, in their relation to the divergency angle) 

— orixate phyllotaxis — (the farther coiling dislocation of leaves in every node) 

— perfectly alternate phyllotaxis. 

These above mentioned sequences are different from the usually accepted one, 
even in the degree of quite opposite direction. But the author regards as true as 
such the general direction of the evolution in primary phyllotaxis both from the 
paleobotanical evidences-Cordaites (Maekawa, 1953, 1956) and ontogenetical develop- 
ment of several scales in bud or that of leaves in seedling stage, especially of 
Leguminosae. 


The flower in general pattern 


It is a usual acceptance that the flower is a much shortened stem along which 
many leaves in special floral form crowded in some regular orderiness. Indeed their 
constructions and appearances are very different and species — specific, but the 
fundamental general patterns too, may exist in their form and arrangement. These 
features are the five cyclic pattern of floral parts, i. e. sepal, petal, outer stamen, 
inner stamen, and carpel, counting from outer to inner one. Some one considers the 
carpel as fused one composed of the members in two cycles; outer sterile and 
inner fertile one. 

Again in this cyclic arrangement, the generally accepted form of evolutional 
tendency is in the direction from ‘alternate’ of ‘imbricate’ in quinquncial pattern to 
“valvate’ or ‘contorted’ one; in the other words, these may be said in the tendency 
that from primitive ‘alternate’ to advanced ‘ verticillate.’ 

And in similar to the above mentioned manner in phyllotaxis evolution, the 
author accepts again the tendency from verticillate to alternate arrangement. 

In the plant with alternate phyllotaxis of foliage leaves, while in its flower, with 
true cyclic arrangement, the latter arrangement should be interpreted as atavistic 
juvenile pattern induced by the sporophyll formation, rearly speaking, by influence 
through spore formation. 
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The flower composed of members of G - leaf-class 


The typical pattern is showen in Fig. 1 with the example of perfect flower in 
pentamerous also pentacyclic one. From outer cycle to inner one there arrange in 
sequence of sepal, petal, outer stamen, inner stamen and carpel with marginal 
placenta. Many modifications, delivations, and reductions may occur in various 
taxonomical groups. The standard or the somewhat modified one can be found in 
Ranales. 

As already pointed out by the author in the case of Austrobaileya (1952), each 
stamen can be accepted as the fusion of combined two members of G leaf-class, 
just as same as a seed-bearing pedicel of maiden-hair tree reduced to fuse into an 
organ, with its abaxial member of foliar phase on the short branch. 

In some cases, the simple sporangiophore also may be acceptable, when the 
dichotomy does not occur in that stamen. 

Thus these five members of each cycle are homologous each other in their 
standard construction and arrange in successively in regular alternancy. The sepal, 
outer stamen and carpel are combined into a set along one radius, while petal and 
inner stamen are composed in another set alternating to the former one; This rela- - 
tion is figured in Fig. 1 with zigzag broken line. 


The flower composed of synthetic members of F and S 


This pattern can be remarked in Rosales and Hamamelidales. In these cases, 
floral members are combined each other to make up groups which are governed 
under the law of alternation in their group level. 


They are as follows: 


Petal \ Sterile carpel 
Sepal + Outer stamen Inner stamen + Fertile carpel 
Detai (Placenta) 


Sterile carpel 


\ 


For the sample, the outer group may be taken. Sepal and outer stamen are both 


Outer group Inner group 


real members of F leaf-class, while two petals, the members of S leaf-class respectively. 

The outer F corresponds to the leafy phase of a foliage leaf, as same as in the 
nodal arrangement, and the inner one, the sporangiophore or sporangial branch of 
axillary orientation to the said foliage leaf, i. e. the sepal. 

They sprang out from the same nodal part, immediately divided into two strands 
arranged in a radial plain. 

Petals, usually very different from sepal, in their texture and arrangement of 
nervation, belong to S leaf-class, and in the ‘compared nodal arrangement, they 
correspond to two stipules in the two lateral sides of a foliage leaf. 

Thus the reader can imagine that the outer group, composed of two members 
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Fig. 1. Floral diagram in the group composed of G leaf-class. Explanation in text. 


of outer-inner F and two members of lateral S, is same to the laminal leaf F with 
one sporangial branch in its axil and two stipules in their lateral sides. 

The inner group is alternate with the outer group. Concerning to its composition 
the standard pattern is the same as in the outer one. In this case, carpellar 
walls are realized as the sterile outer carpels, while placentas are combined each 
other into a set, which is stretched over the marginal end of sterile one. These 
fertile carpels are in set with inner stamen, just as same in the relation between 
an outer stamen and a sepal. To the lateral sides of these inner stamen—fertile 
carpel sets, two sterile carpels lie in side, the pattern of which is very much like 
the petals concerning to sepal—outer stamen set. 


Summary 
1. The floral*constructions are considered under the concept of leaf-class. 
2. In seed plants, there are, at least, two different patterns of floral construction. 
The one is SF-combination and the other, G-leaf-class. 
3. The former is made up of two groups, the outer one is composed of 2-F 
(sepal and outer stamen) and 2-S (two petals). While the inner one, with 2-F Cinner 
stamen and fertile carpel) and 2-S (two sterile carpels). 


4. In the flower of G-leaf-class, floral leaves are of all G, arranged in pentacyclic 
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Fig. 2. Floral diagram in the group composed of S and 
F leaf-class. Explanation in text. 


manner with alternation of one radius with three member of sepal—outer stamen— 
carpel and the other, with petal and inner stamen. 

5. Most types of different flower are in species-specific pattern but can be 
interpreted as the derivatives modified through several different courses from the 


above mentioned fundamental architectures. 
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Joyet-Lavergne (7, 8) proved by the staining method that the Equisetum-spores 
were divided in two types, male and female, whose oxidation-reduction potentials 
(rH) were different from each other. Kuwada (10, 11) studied also by the staining 
reaction the electric charge and obtiained results that the charge differed between 
the spermatozoid and the egg cytoplasm in Cycas revoluta. By means of the 
staining reaction of Joyet-Lavergne or Kuwada, Abe (1) confirmed the different 
charge or rH between the two kinds of gametes in five species of Myxomycetes. 
Since then the Keller’s study (9), the charge or the rH has been studied by the 
staining reaction, but no investigation has been found concerning the spermatozoid 
(spermatid, antheridium), the egg (archegonium), or the prothallium of fern from 
the view-point of charge or rH. 

The writer intended to make clear, by means of the staining reaction, the 
electric charge or rH of the prothallium, especially of the spermatozoid and the 
egg gn situ or in fixed state. The present report describes the results of this study. 


Material and methods 


The following prothallia of ferns belonging to Eufilicineae which were cultured 
in the writer’s laboratory were used as materials:Athyrium pycnosorum Christ, 
Athyrium yokoscence Christ, Dryopteris crassirhizoma Nakai, Rumohra mutica Ching, 
Spicantopsis niponica Nakai var. japonica Nakai, Thelypteris japonica Christ, and 
Osmunda japonica Thunberg. The spermatozoids produced on these prothallia were 
employed. In order to survey the electric charge, the staining reaction of Unna- 
Golodetz’s neutral violet extra by the method of Keller and Kuwada and the prus- 
sian blue reaction were used. To make clear the oxidation color or the redution 
one the method of Mn-methyl green staining and the staining with rH-indicators 
were applied. The spermatozoids which were in- or outside of the spermatids and 
the egg cells in the archegonia were examined both in vital and flxed (with Carnoy’s 


* Biological Institute, Faculty of Education, Yamagata Caarersity, Yamagata Pref., Japan. 


WFAA Be yea Ss 


Oct.-Nov. 1956 Bot. Mag. Tokyo, Vol. 69, Nos. 820-821 495 


fluid (3:1)) states. Neutral violet extra was prepared by mixing of neutral red 0.5g 
and new blue 0.25¢ (neutral red: new blue+2:1, by Kuwada) and redistilled water 
75cc, and the staining procedure was as follows: neutral violet extra (10-20 mins., 
occasionally 2, 3 hours)>30% — 50% > 70% alcohol (1-3 hours) > sometimes 85% —> 
95% alcohol (each 10 mins. or 2 hours). The cathode procedure of the prussian blue 
reaction was as follows: 10% FeCl; (10 mins.) Washing>10% K,Fe (CN).—> 
glycerol (10 mins.), and the anode procedure was the reverse of the cathode one. 
The Mn-methyl green staining was made as follows: 1% KMnO,—>0.5NHCl—> 
1% methyl geen (each 10 mins.). 


Results 


(1) Staining reaction with Unna-Golodetz’s neutral violet extra. 

a) Vital staining. When the prothallia were immersed in the solution of neutral 
violet extra for ca. 10 minutes, the cytoplasm (perhaps, membrane too) of rhizoidal 
cell took the purple red dye and especially the young rhizoidal cells were stained 
deeper in its tip portion than the basal one, and this fact was considered to show 
the polarity of rhizoidal cell. Some membrane of the prothallial cells also took the 
same purple red dyes with the exception of the meristemal portion. 

The spermatozoids included in the spermatids or extruded out of them took the 
purple red dyes and were stained. Of the structural elements of the spermatozoid- 
body, the elements which were stained were not the cilia-bearing band, the cilium, 
and the border-brim, but the nuclear portion. 

When the spermatozoids (spermatids) were observed after being immersed in 
30% and 50% alcohol, they showed almost same tones of the colors as stated above. 
However, when they were dipped in 70% alcohol for 20 minutes or more, sometimes 
for 1 hour their colorations gradually changed from the greenish blue into the blue. 

The prothallium sometimes adsorbed the purple red dye, which resolved into 
the alcohol solution when it immersed in the graded alcohlol as above-mentioned 
and it did not show the blue color, while the rhizoidal cell remained occasionally 
‘purple red. 

b) Fixed material. The results were similar to these with vital staining. The 
materials were observed after they were immersed in the solution of Unna-Golodetz’s 
neutral violet extra and washed and placed in 50% alcohol. The spermatozoids 
included in the spermatids or extruded out of them took weakly the purple red dye 
or the red one. The nucleus and the membrane of prothallial cell took considerably 
the purple red dye and the cytoplasm or the plastids also were stained slightly. 
The rhizoid and the glandular hair (cytoplasm, nucleus) showed often the same 
color too. The membrane, nuclei, and nucleolei of the cells at the meristem and 
its neighbourhood showed violet coloration and the color turned gradually to purple 
red as they approach towards the basal pole, therefore the prothallium. was con- 
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sidered to show the gradient concerning the adsorption of dye. 

When immersed in the 70% alcohol solution, however, for 2-3 hours or in the 
80% alcohol for ca. 10 minutes, the spermatozoid-nucleus and the spermatid-cytoplasm 
changed their colors into blue. The chromatin in the spermatozoid-nucleus was 
considered to adsorb the blue dye. The cells in the meristemal portion of the 
prothallium and the apical cell of the protonema showed blue coloration and the 
nuclei of prothallial cells were also blue and towards the basal pole the color became 
weak purple red (Fig. 1). In archegonia which were not yet fertilized yet, the 
nucleus, the membrane, and the cytoplasm of neck cell assumed weak purple blue 
coloration and the egg seemed to show the purple red. 

The same procedure was applied to the spermatozoids fixed by drying the drop 
of redistilled water in which they came out of the antheridia and were swimming 
about on the slide-glass. In this case, the sufficient and good result could not be 
obtained, but when dipped in 95% alcohol for about from 40 minutes to 2 hours, 
they seemed to become blue very weakly. 

In both vital and fixed materials, the spermatozoid-nucleus and the spermatid- 
cytoplasm gave the staining reactions of blue. It was an interesting fact that, in 
the case of fixed material, the meristemal portion of the prothallium was blue and 
the color of the prothallial cell changed into purple red towards the basal pole. 
This fact might show the existence of the gradient (polarity) in the area of the 
prothallium. 

(2) Mn-methyl green staining. 

a) Vital staining. The nuclei of spermatozoids were in- or outside of the spermatids 
and the cytoplasm of spermatids were stained green or bluish green by the method 
of Mn-methyl green staining. The cytoplasm of rhizoidal cell or glandular hair 
of the prothallium adsorbed the brown or violet dye, and the meristemal portion 
usually took the bluish green dye. 

b) Fixed material. The staining reactions of spermatozoid-nucleus and spermatid- 
cytoplasm were same as in the case of vital ones. As to the prothallium, the cellular 
elements of prothallial cell in the meristemal portion were green, but those in the © 
other portion were brown in the whole area of the prothallium, or occasionally were 
locally brown, green, or violet. However, the localization of these colors was not 
considered to be regular, in other words, no gradient of the staining reaction in 
the area of prothallium seemed to exist. The rhizoidal cell showed often the brown 
(or violet) color and its tip the green color, so this fact showed the polarity of the 
rhizoidal cell. 

A drop of redistilled water in which the spermatozoids swam about was dried 
up in room temperature. With these dried spermatozoids this Mn-methyl green 
Staining method was tested. The spermatozoid-nuclei assumed at first KMnO, 
slightly and presented the weak yellowish brown colors, but discolored in 0.5 NV HCl 
and at last their colorations appeared in green or purple green, assuming methyl 
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green (Fig. 2). The cilia-bearing band, the cilium, the border-brim of spermatozoid- 
body were negative to this reaction and these did not show the green color. 


(3) Prussian blue reaction. 

a) Vital material. Cathode procedure. The spermatozoids and the cytoplasm in 
spermatids were stained strongly in greenish blue zz vivo (Fig. 3). The same 
phenomenon was seen in the rhizoid and the glandular hair. The tip of rhizoidal 
cell was more or less strongly stained in greenish blue. From this fact the rhizoid 
was considered to possess the polarity. Anode procedure. Some of the rhizoidal 
or the prothallial cell (membrane) showed very weak greenish blue, whereas the 
spermatozoid and the cytoplasm in spermatid were not stained. 

b) Fixed material. Cathode procedure. The spermatozoid-nucleus, the spermatid- 
cytoplasm, the rhizoid, and the glandular hair which were fixed with Carnoy’s fluid 
(3:1) presented the same result as in the case of vital ones. The portion near the 
meristemal one was not stained and the other prothallial cells were not stained or 
stained in blue locally. This procedure was tested to the spermatozoids also which 
just came out of the spermatids, and this result was same as in the case of the 
spermatozoids which were yet in the spermatids, as above-mentioned. Namely, the 
spermatozoid presented the yellowish brown color at first, and then turned into 
weak blue. Anode procedure. The spermatozoid and the cytoplasm in the spermatid 
were not stained. In prothallium, the meristemal protion was stained often in 


Figs. 1-3. The staining reactions of spermatozoid, spermatid, and prothallium 
which were drawn somewhat schematically. 


1. Unna-Golodetz’s neutral violet extra staining. Prothallium of _Dryopteris crassirhizoma 
Nakai. Blue portion ; Weak purple red portion (often violet, brown, or 
green color was shown locally). a. Mature prothallium (xca.10);-b. Young prothallium 
(xca.10); c. Protonema stage (xca.15); <—~ Longitudinal polarity; <©- Radial 
polarity; M, Meristemal portion. 

2. Mn-methyl green staining. Spermatozoid of Dryopteris crassirhizoma Nakai whose cilia 
are not shown (xca.750). Green or purple green portion. BB, border-brim; 
CBB, cilia-bearing band; N, nucleus. 

3. Prussian blue reaction (cathode procedure). Greenish blue portion. a, Spermatids 
in the antheridium of Spicantopsis niponica Nakai var. japonica Nakai (xca.240); b, 
Spermatid (x ca. 450). ; 
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greenish blue slightly, while the other prothallial cells stained or unstaimed locally 
and this staining seems to have no regularity. The rhizoidal cells were unstained. 


(4) The staining reactions with rH-indicators. 

The tone of the color and the supposed rH of spermatozoid and. rhizoid of the 
prothallium obtained by cresyl blue and other four kinds of rH-indicators are shown 
in Table 1. As to the rH-values the farther studies will be made in future. 


Table 1. Staining reactions and rH of spermatozoid, spermatid, 
and rhizoid of the prothallium. 


Spermatozoid-nucleus and ret 
ne cent Spermatid-cytoplasm Rhizoidal cell 
Pees Indicators — 
cators Vital Fixed | Supposed) Vital Fixed Supposed 
rH rH 
0.02 Cresyl blue Blue Greenish | Ox* Bluish Bluish ? 
blue violet violet 
” Methylene Blue or Blue or Ox Green or Green or Red * 
blue bluish bluish blue blue 
green green | , 
" Neutral | Orange red| Orange red Ox Reddish Reddish Red 
red (weak) | brown brown 
" Safranin | Orange red| Orange red Ox Orange red| Reddish Vital Ox 
orange Fixed Red 
" Thionin Blue Reddish Ox Reddish Reddish Red 
blue violet violet 


* Ox, Oxidation; Red, Reduction 


The staining reactions of spermatozoids, spermatids, and rhizoidal cell were 
almost the same both in the vital or the fixed state. Of the structural elements of 
the prothallium, the rhizoidal cell always took homogeneously these indicators in 
both vital and fixed materials and the other elements usually adsorbed the indicators 
in vivo (5), and in fixed state these elements sometimes adsorbed these dyes. For 
instance, when the fixed prothallia of Thelypteris japonica Ching were stained with 
the 0.02% redistilled water solution of thionin, the membrane of prothallial cell was 
stained fairly good in reddish violet and the cytoplasm also weakly in the same 
color (reduction color), but the nucleus in blue (oxidation color) and the meristemal 
portion in green, The prothallium was often stained locally without showing the 
regularity. 

According to Table 1, the spermatozoid-nucleus or the spermatid-cytoplasm is 


considered to be the oxidation-portion and the cytoplasm of rhizoid the reduction- 
one. 


Discussion and conclusion 


In the solution of Unna-Golodetz’s neutral violet extra the nuclear portion of 
spermatozoid and the cytoplasm of spermatid showed at first the purple red color 
but became blue, after taking alcohol. Of the spermatozoid-body, the cilia- bearing 


Oct.-Nov. 1956 Bot. Mag. Tokyo, Vol. 69, No. 820-821 499 


band, the cilium, and the border-brim did not show this reaction. The change of 
the tone of color was as follows: purple red — violet > greenish blue > blue. The 
mature rhizoidal cell of the prothallium took at first the purple red dye and kept 
often this coloration even in the alcohol solution, but the young rhizoidal cell is 
stained weak blue. The cells of meristemal portion of the prothalliam or the 
protonema became blue, and as near the basal pole, the color of prothallial cell was 
purple red. Therefore, concerning the adsorption of the dye, it is thought that the 
gradient exists in the area of prothallium. The nuclei of prothallial cells were 
blue. Thus, if we recognize that the staining reaction is interpreted by the electric 
charge both in the case of vital and fixed states, the following explanations of charge 
phenomena are supported from the results of the staining reactions stated above. 
That is to say, the nucleus of spermatozoid and the cytoplasm of spermatid have 
the negative charge somewhat strongly, and the distributions of the charge in the 
area of prothallium show that the meristemal portion is negatively charged and 
the other prothallial cell and the mature rhizoidal cell are positively charged. The 
young rhizoid and the nucleus of the prothallium are negatively charged. 

The spermatozoid-nucleus and the spermatid-cytoplasm which were zz vivo or 
fixed were stained greenish blue somewhat strongly by the cathode procedure in 
prussian blue reaction, while they did not show any colorations by the anode pro- 
cedure, therefore they are negatively charged. This result agrees with that of the 
method of Unna-Golodetz’s neutral violet extra. Supposing from the staining reac- 
tions of the prothallium, the mature rhizoid has the negative charge and the 
prothallial cells may have the positive or may have the positive and the negative 
charges locally, whose distribution on the prothallium is not regular. 

Prussian blue reaction is applied to detect Fe3+ (2) and this is a reaction caused 
by the binding of Fe?+ and (Fe(CN)gJ4~. The chromatin of the spermatozoid- 
nucleus is thought to adsorb easily Fe3+ in the cathode procedure, so that the 
prussian blue reaction occurs nicely. Swift (12) stated that the acid and the basic 
dyes are adsorbed in correlation with the charge of protein or nucleic acid and, the 
writer considers, the coloration of spermatozoid-nucleus which shows the negative 
charge is related to the contents of protein (nucleoprotein) or DNA (4) in the 
spermatozoid-nucleus. 

By the method of Mn-methyl green staining, the nucleus of spermatozoid and 
the cytoplasm of spermatid are stained green or bluish green clearly. In the whole 
area of prothallium, the meristemal portion is green and other prothallial cells are 
brown but often brown, violet, or green color scatters. The cytoplasm of rhizoidal 
cell is stained brown, but that of tip of the rhizoid green. This fact may indicate 
the polarity of rhizoid. The rH can be supposed from the stand-point of the 
staining phenomena as stated before, and the spermatozoid-nucleus and the spermatid- 
cytoplasm are thought to be the oxidation portions. In prothallium, the meristemal 
portion is the oxidation portion and the other prothallial cells are reduction. one or 
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have both oxidation and reduction portions. There are no regularity concerning the 
distribution of the oxidation and reduction portions. The rhizoid is considered to 
be the reduction portion but the tip is the oxidation one and presents the polarity. 
Thus, the rH of spermatozoid-nucleus or the spermatid-cytoplasm is supposed to be 
different from that of the prothallial cell. 

The results obtained from the staining reactions by rH-indicators support the 
following discussions. In the nucleus of spermatozoid and the cytoplasm of spermatid 
and rhizoid, almost the same results were obtained in both cases of vital and fixed 
materials. The former two show the oxidation colors and their rHs are high, while 
the latter one reduction color and its rH is low. The cytoplasm and the membrane 
of prothallial cells present the reduction colors, and the nuclei the oxidation ones, 
but often the localization of the oxidation and reduction colors were seen. And the 
difference of rH is found between the cytoplasm and the nucleus in prothallial cells. 


Summary 


To make clear the electric charge and the rH, the staining reactions by the 
methods of Unna-Golodetz’s neutral violet extra, prussian blue, Mn-methyl green, 
and rH-indicators were tested to the spermatozoid (spermatid) or the prothallium 
in fern. The following facts were gotten from the results of staining reactions. 

(1) The nucleus of spermatozoid shows the negative charge but the cilia-bearing 
band, the cilium, and the border-brim do not show it. The cytoplasm of the 
spermatid also show the negative charge. 

(2) In the prothallium, the cells of the meristemal portion and the nucleus of 
prothallial cell, and the rhizoidal cell present the negative charges, whereas the 
cytoplasm of prothallial cells show the positive charge, or the posive and the 
negative charges locally. As to the charge, the polarity is thought to exist in the 
whole area of prothallium. 

(3) The nucleus of spermatozoid and the cytoplasm of spermatid show the 
oxidation color and their rHs are high. In the prothallium, the meristemal portion 
presents often the oxidation color, whereas the prothallial cell (cytoplasm, membrane) 
and the rhizoid (cytoplasm) show the reduction color and their rHs are low. 
Judging from these facts the polar property of the prothallium is thought to exist. 


In the present study, the writer wishes to express his cordial thanks to Prof. 
A. Yuasa for the influential instructions and for kindly correcting this manu- 
script, and he also heartily thanks Dr. Y. Kuwada who gave him a kind communi- 
cation. 
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D2 [Hitote 9, AKER AE SOR SS 
PRAT HE LEK OCHS. EF, Bela re 
AVYICL YO, WEFROMAEELTED SD, BL 
AIFS EOW L, CNRS ORO VA 
A DUFF T AL 7 PED HE CME Lice [Al 
TERRA 24~45 BTC, HOB, BOK FZ 7y 
YORYRICE DO, 2-5y OWRD, 10% I 
BR (EK 7KSea7K C 24~40 HRI LE, ABO 7 
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3 8 
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PBA UCSC, Cc, PRL 
TBO MUNC, FBEO 27D te, CHAS 
H425, HOMMICHELNAZBLSES, 
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i, BORGIR, FENZL SICKS 
(Pl. XVI, Figs. A, B), AMO) Sv sMAd%e EE 
AUN Cbasal cell) LPF US, FHIOANHAIL, ADs 
ADILUHC, HOBL, DWTS SULE < HR 
L, BITS AHIR & TS 4 OCHS (PI. XIV, 
Fig. C), COBAArb, HMIAOMRILATRIC E 9, 
ZOES LIM LIA, MAOBMLEAV ICH 
FEL, EOFMIUNIC ZHANG = (mucilaginous 
cuticle) L3tlc, Biche, CWBELT < SHHETF 
HER PRAET SERA RE 
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LEMAD BIL, COFNRASE BIC AS, HE 
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RB AONEEA HA SHEATERRICIZ, (IRSERICY 
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DRONA ATH, MAES a> CHa 
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VIC ARES ER C2 S (Pl. XVI, Figs. 17, 18, 19, 
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ODE BLS <¢ FAA 4 OCHS, 

BTA Ronk, CIC’ < We 
(kL, BOPRCMBSh, ERPIF=7 CH 
Brothels MRK HH SNOT, 
Dictyota 7 2 Y Y +H, (Williams, 1904), Padina 
Y 29F7);s (Carter, 1927) Coccophora ~¥ 
Jie, CARI, 1929), Hizikia e YX CBS - 
JAY, 1954a), Sargassum ey KV F/B, Cas, 
1929 ; Salah, 1933; FeeF - AYE, 1954b; AYE + % 
Wy, 1954) <e-cst$ 3310.4 ‘chromophilous 
spherule’ Cite <, (tl—-MtBbnd. 

ROBIROBRIEO C, SOARES 
LK YA 2X Undaria pinnatifida (Harv.) Sur. 
(FEF + Tapk, 1954) LWT SL, VAACLE 
RHPICBRT SB, AH MEliF 47 RYA 
FIC AS BIC BEICIBAL, ERMARIL I DA CIE 
PIE CHALE A, AHF 4 FT KRY 
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RIL 7 DAIL CH < fThnNSL 5 ChSo 

FATHARYAMC, B24 RB ECM 
PROBRBSNAZLCADb, AHMOUGEFREA 
Rist Sie) 2 ORD RILRAGA CHS 
FADD BUBBLE SIC (D> LOMB SILER OTC, 
EAT AB ORSINC ERR UC, JPICS < RET 4S 
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(Kylin, 1918), Egregia Menziesii (k n=8, 2n= 
16 (Myers, 1928), Pterygophora californica (x 
n=13, 2n=26 (Mckay, 1933), Eisenia arborea 
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japonica (k n=22 (fal#b, 1939), Macrocystis 
integrifolia (§ 2n=82 (Walker, 1952), Lami- 
naria Cloustoni (} 2n=22 (Walker, unpub.), 
Laminaria flexicaulis (} n=13, 2n=26 (Magne, 
1953), Laminaria digitata (k n=8, 2n=16 
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(Walker, 1954), Undaria pinnatifida (} n=22 
(FASS + DEPK, 1954) SCH SNCWS23, AiG 
Git, ~ayvZ7 Laminaria japonica, VR 
Undaria pinnatifida -lARR n=22 CZ, 
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\»t4, Chorda Filum © 16 (Kylin, 1918), 
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porra (Herbst and Johnstone, 1937), Eisenia 
arborea (Clare and Herbst, 1938), Laminaria 
japonica ( baeB, 1939) ts k US Undaria pinnatifida 
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bulbosa (Sauvageau, 1918) © 128 “878% 48. 
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Ale HD S BDH See. «=D L, Pterygophora 
californica (Mckay, 1933) C#4#433NCTWSEK 
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Mee OF FEAT TL Se ce, Se USC Ha ea 
HEICIE <¢ ARLE LEIF ETO 
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32 DUFFEFALESDNS 

3. AHMOREAMIL n=22 Choo 
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Summary 


1. Both the zoosporangia and the paraphyses originate from the superficial cells 
of the sporophylls. 

2. The first and the second nuclear divisions in the zoosporangium are meiosis, 
and then three mitoses take place successively to form 32 free nuclei. Consequently 
32 haploid zoospores are preserved in a zoosporangium. 

3. The haploid number of chromosomes in Laminaria angustata is 22. 

4, In the metaphase of the first division, the centrosome-like small bodies are 
recognized at both poles of the spindle. 
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Explanation of Plates 
Plate XIV 


Development of zoosporangia of Laminaria angustata Kijellm. All figures were drawn with 
the aid of an Abbe’s drawing apparatus. All megnifications are x 900. 

Fig. A. Section of lamina in sterile portion: one layered meristoderm is followed internally 
by small cells of cortex. 


Fig. B. Transverse division of the meristoderm to form the basal cell and the future 
paraphysis. 


Fig. C. Growth of the paraphyses. 
Fig. D. Projection of the basal cell between the paraphyses. 
Fig. E. Transverse division of the basal cell to form the zoospore-mother-cell. 


Figs. F, G. Further stages of development : paraphyses and zoosporangia grow up and the 
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wall at the apex of the paraphyses becomes much thickened. 


Plates XV and XVI 
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Formation of zoospores in zoosporangia of Laminaria angustata Kjellm. All figures were 


drawn with the aid of an Abbe’s drawing apparatus. All magnifications are x 2100. 


Fig. 
Fig. 
Fig. 


Me 
2. 
3. 


Plate XV 


Resting stage. 
Later stage with reticular structure. 


The same stage, showing two nucleoli in the nuclear cavity. 


Figs. 4, 5. Synapsis stages, showing chromonemata aggregated at one side or the whoie 


periphery of the nuclear cavity. 


Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
poles of 
Fig. 
Fig. 
Fig. 


Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 
Fig. 


Open spireme stage. 


Early diakinesis. 


Diakinesis, showing bivalent chromosomes with various forms. 


Late diakinesis. 


Polar view of the metaphase. 


Side view of the same stage, showing the centrosome-like small bodies at the both 


the spindle. 


12. 
13. 
14. 


15. 
16. 
Alf 
18. 
iISE 
20. 
21. 
22. 


Anaphase. 
2 daughter nuclei. 


The same stage, showing two nucleoli in each nucleus. 


Plate XVI 


Metaphase of the second meiotic division. 

4 nucleate stage. 

Metaphase of the third nuclear division. 

8 nucleate stage. 

16 nucleate stage. 

Metaphase of the fifth nuclear division. 

82 nucleate stage. 

Zoospores formed completely in a zoosporangium. 
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8, 10, 11,1213, LiL, TOMSIAROKREAS 
MEAL << O< bnNSOM, THE SUBD 
SPSFENS ICE SCR REO MS OFM 
RBSNAITFEWOD, EV5 PBlLe A 
ENTS. 454A, THENOGEK LTC 
I—GIRTECHA5 5 AFFICOWTCIIOORN 
REAL CROLOCAECHH SNCS. Equi- 
setum limosum 33 XU. E. variegatum (ZO\WT 
Stahl) OFRWEAR CHnImOO¢ EL. 
limosum & E. palustre \2D\»CD Buchtein™, 
E. arvense, E. limosum, 33 LU E. silvaticum 
ATO Nienburg’?, ENC EE. arvense 
OVC D Nakazawa® OC HLVZHRTLA 
&, AFF OMFILIKE CHET ( ETF SD, 
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DARE CARDS UCHC Hh, RAPEHIKL 
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Fit@w de Lo C47 She RRMA 
HOC LAME SNR. LOL, TORMOA(L 
(LV ORE SIZ OM EH AIO Tlie HR 
fERCHH. E. arvense CitRie* RILHOEO 
LICH SORHORWLOACLFO 
PERE SIA (Nakazawa6) OCHA, 
FOIL AT BD 5 db > TTA TEYSRREE Dili OF5 fey 2 BE 
ROO4ACHA5 EBASNAS|M, LOLEOL 
5 TUE TERRPEA URL Ch SDADAUL ERE 
IIB CW) BL CHAITIN RE RES 


KA-KL, AeA LC, COP CHMFE 
BESECLRBMEDALBECC KL SETH 
i, JAFIRBFONKSE CHD SEN ICE 
SoCWHKREBACLIVIM., TOLI“ERR 
Rio ROC, COMBREMET SD SRO AUR 
BINT FAREMID ~ 2 = 7 (Coccophora Langsdorfi) 
DIME WT OFT > RRR, WMD SSCL 
BRELPBSNCW4M, 


zR &€ HR 


MBX 1955 = 4 Alcilha cRELK AF 
(Equisetum arvense L.) OfGFC, KER 
RF CUTHNK, RRL = OIMEAWT 
ffove Kathariner’2) OAH Eb, fd FR HK 
IKI EWCHSOHeKIVERGL, —-BHireE 
10cm O~ b VMK EHV NCHS L, BOE 
DPE BWKR COBAICMFRABAILELBEAA 
IPR, PH HLICOChLBEDL TSO 
SRFCBEPNCWOS. LCAADAAAILE 3 cm, 
RS 20cm OMIRFICwoN, KOUBWS 10cm & 
L, BRR LOUK YS AROUND SRY TCR 
RHA LCKEMSEDL, 65 UCTKCHAKE 
Fibre 2 FREAD L, TX COMREER 
B-lLEBSBHS HR, COPPFLES ee 
Uy bCRvbLotClLbNbhnk, BBIChE 
> ChLAM CRUBASRBLC, TORI EIT 
ALF SN, bROWS ARECINT LENE iB 
UzmwlLoaree lk. 04 UCHR CIE 
LichdF & BRI 5 CMS CHELKIGFL 
OU, WRENS & ERRNO (E & % Hee L, 
WARE CFEC TE 5 IMEO EICHBRORWC LR 
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RFVYFTN—, FIVT Y bR vans, + 
ANB ERA Ro Beek TC BPE Lie 
AKIETK CD ¢ 4, 1/100~5/1000% & Lo 
AE RILK 1 SLU 2 KRU Cho 
Ko DE OWAF INSEL DOMES NC OMRAAITA 
dD 7rv TARE C hi EOLU < BEL, Lied 
CORFE C 36 AOE LERROOISZ CLAM 
Gk4._ SFOMRFIL, ETMWFOMKLT EC 
BACCO SE, PB CHRD -FO-VRICES 
L, fe FILS LC 2 het, —HILAWS 
PERARS RI S.6 A, (hOB CERI 
MECHA ESET, RRILLAW CAH LCH 
—KOMEEOK O, MARS SIC DBs LOE 
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LRBbS 4, (RIE LEEVICOUT, DVL 
FOR EOW 60y. ICL CEO EB Sk 3000 BY 
EE SBES. FNP SIMMMABARANVICDHAR 
fo ChIFlL A ACR GCE HT, MOL 5 (CH 
cio, RRACEnR<hS. EARRATS &, 
SARC Fh 4 (MIDE DIC D HU b 
nS (AD. 

AICHE SIF ORR Fo LDS UCTHR* 
DOI4S%, MEBDSASICLELK, feis 
ARAL ICR SEDOEDSEXS. FTATSLLK 
MOAR 3200p ¢ bYYGEE DO, OFICILATB 
KE te ST ORS S A PERMITS BS AS ds Co 
So TOR, MIGKASCS ZAMlt AME BH 
EMAC I 6H}. A Mh c Acid 
ROO, CORR, TPROLC 2 OMAR 
AMMIDBOBMAGNIELSICHS (Bled: 
M2 a,c), BAL RANOET LC MIRE EC 


Table 1. Ratio in per cent of rhizoid formation of Equisetum spores, 
in still water and being stirred irregularly, at 23 °C. 


Time from the beginning of the experiment (hr.) 
Condition 
0 6 We 18 24 
Still 0 0 44 86 93 
Sirred irregularly 0 0 53 80 97 


Table 2. Growth of rhizoid of Equisetum spores placed in still water 


and being stirred. irregularly. 


S=maximum diameter in 


transverse, L=length of the longitudinal axis in p, at 23 °C. 


Time from the beginning of experiment (hr.) 

Condition 0 24 36 
oa Tees S ki iS S la Ls 
48 48 1.0 53 72 123 60 375 Ga2 
" " " 63 73 ilpell 7 300 5.0 
Still, ” ” 7) 49 67 a3 ros 312 5.4 
” ” " 58 69 ae all 65 360 5.5 
46 46 ” 55 67 12. 63 320 5.0 
48 48 1.0 56 78 In3 65 320 4.9 
” ” ” 50 70 1.4 60 310 5.1 
Stirred irregularly ” " " " 76 15 " 385 6.4 
" " ” 54 78 1.4 72 350 5.8 
49 49 ” 50 69 13 65 360 DED 
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Fig. 1. Schematic illustration of A-type 
(upper course) and B-type (lower course) in 
germination of Equisetum spores. a) Fresh 
spore, b) the first cleavage, c) the second 
cleavage in the prothallium cell, d) growth 
of a prothallium cell; p, prothallium cells; 
r, thizoid. Dotting indicates the staining 
with brilliant green. 


Fig. 3 2. A-type re c) and B-type (b, d) in 
the germination of Equisetum spores. p, apex 
of the prothallium cells; r, rhizoid. 


ZORERGTEO hI 2 OO AHRE AMM ADIEFFIC IE 
AbHELF CHS Bloc, d; M 2b, do 
FHPOMC 4 HUBERT 7 SNS 2 Hd 5 BO— 
BlLLIT6 < PRIEL, MATA SRELKERRO 
DIS. ECABCOGSI, AM CLAHO AM 
KAAS OAC HEF HS (BR 1d,2c) k45te 
MBO SNTW SD, BA Clk 2 DOH 5 
BO-FRIDBAWICZABSIINCHRTSZ (Ml 
ld;2d),AtLBOHl21:1CbHbbHnS, 
A MA» BM AslX SachsMORENIIZT LDN, AI— 
ROAR CE CRAMER E ANS MIZE HYO 
AMNCRW ESCA MLO, MITHVE SI 
(KBMEHS, COMPAR AAIC ko CLO 
“HE, PURAERIC Ye BILD & ERATE 
tM CGhSOes, CA¥LLEOAI, Fie eMa 


Kh BABB}. LOPLEORE VA 
Ajide tel, ZED b LAV IIABICH 5 
CHE, CWS, WMATA brie E 
DZ, COB, CHOOBRCNT 
SGD SEMIS CAS ¢, TARMS EDS 
<, ARR LCWZCLERT 
DLEORMB2, JIFASEKOH CBE L 
RBS, ERBACHER LIZ 
DOME LEBSKXOWth, <¢A-S 
7 Ko 


Ge zB 


Zl ko tC, A¥FOMFIIAARE 
KARA << COREL, ERTSTLAS 
WARE OC EDD po kh, OF OIF ORE 
(THRORB TED DRESNCEF4SS 
D-Cte < , EW ASE SICH, 
WARD t FILA TORAO 
BC Licdio CHERTTHS,. FOLS 
TOUS TERRELL, HITED RHR © CHAD NI Lee 
X51, BRERILBOE F Cl AS 
MAO TER CROP EI co OST 
tb, FAINTER es. <¢ Cen Hee 
Mente LE HbA, BEF COWC, LK 
ALO (PRP HIRE RAID ES LBL 4H 
FRO DARd?e UCTS, tEo TAF FO 
fF Clk, DOC CLE ARB E CED 
(EI 4 2 (XR OPE CERMED 7 FV GES CHE 
1L5SZ490CHS. Ho TE Stahl 1) 4H 
HHORROL FIC, HOA DRAPER HIT S 
DLP the EDF SICH FRWOG 
550 TNC, COPERMHOARAIILHMGH 
D, CMILE5 ULCHF4D6H45 dD, CORY 
PULTE ISRAR CH DBD’. BEAOMCDW.cCoO 
EA OMOEA CAH L, PEEL 
2,86 < RERRMOBIAMADNVICRS, 


BDz S CAMARO CLS ZED, Z 


¥FFOVIF SC 2 MAG RBA L OL < Eye 
Bei, ERDAS MIG CIRIBS KIC 
NT SUES AGE HR, COKE 
> OWS LCWWSBL 5 CHSs 


= ODE BCR BEF Re ea 
TERIA NC Rat LES. 


Oct. -Nov. 1956 Bot. Mag. Tokyo, Vol. 69, Nos. 820-821 509 


Summary 


Spores of Equisetum arvense L. were germinated in water, being rotated irregu- 
larly with air bubbles. As a result :—(1) It was revealed that the polarity axis was 
determined autonomically without the presence of a gradient of the external con- 
ditions. (2) The mode of germination was the same as that placed in the still 
water, both in morphological and in physiological characters. (3) A latent polarity, 
originally prepared in the spore cell, must be considered. Therefore, when the 
actual polarity is determined in the germination with the external condition, such 
as the unilateral illumination, it seems to be a modification of the latent polarity 
axis, but not a de novo formation of the polarity. 
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PUB Ce ABAICOW CHE LW. BIC 
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iy, HAHA. He PHO MASS NICYAT So 
GES DD CHER S NPAT ORIN SH, FEO 
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BEL OMMALRA LCA, COBAIN 
MEDS CLERIRLKS & ¢ 1c, RR, 
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emai ae ee 
Tere SI CWO SHADE CBMs h DIC 
WC, DNHNORA LEHRO-DLRAT S o 
FEROS CA CUBA. KAGMICTMS 
CWZBER, EHBENEN OMAR D BK & 
LEWPHAELW YALE OM, HEORO'C 
HATES LIELIFCHS. E15 Olk, HR 
PATEDIMIRA IC k = CEM LPT GA EE 
5 GRVBADhSAPbS Cho. KERE, EA 
Yar VLR CLS.0 5 HMMA NsIE— 
FIC i. SRBVELBATC Th iclkvySa:, PIEL 
0, SSCEOMSY ELBOIZE A CMNERE 
Dobe H UCL EMO RARE Hat ate 
SHAGEMSS. LMLEOL 5 GBM LY 
TRE MIMIC L,CEARIOG AEABED 
EDCHAUS, TOEBIMA* OFICOWT 
RA ShRONERbSE. ZOLA EBGAOR 
Ices, T3, MOMEZOCLSICHLCY 
LC BAZMICENTHHE 5 CAHN. TO 
L5RMORSGZEBOITI, MWELABD SABA 
CAMS He Li Ck, HERB Ce < ic ra- 
dicoid type?) AL <CRMNHTSZCL, CXS 
SPM 7S CL, HEAKWICHAI— 
ASHIK 313 SERA AOGME LTE, hie 
TRIB CLICKEE) (ChE, +E, 
SO LEVEL OLEMOBBLN, —WIRBHE 


Fig. A. Aerial shoots (left) and underground part 
(right) of Rubus buergerii at Mt. Kiyosumi in 
November. s: aerial stems of the current season, 
b: peren- 
nating buds to grow in the following season, b’: 
buds to wither shortly, u: underground stems, 


.S’: aerial stems of the former season, 


: roots, 
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LCM Lito MARBILD< & 4 10 THAD Ee 
ZH A CRS LjCOL MR. He HAL 
F-ARILIRREA CUCL CHS 


Re: He 

BA) 72442 Rubus buergerii, sv 
72442 Rubus hakonensis Dk 5 ROO 
ZMEVER CHSAS, LoiesGlal chins c LAs 
Zo HP bbMSZLIIC, HEEROMA 
(4a PRE Ch ODS 72454 GSBW 11 
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Er cM leg HATE DBR AD AF 

DEoskBirih5TWSl EBB) 

TOES’ (LAID, s (IS LVABEECH SO 
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G2BOD CHS. 
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DEOL 5 HHP b, BROOZALE 
TEA CIDOB, DLL EF BHL 
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Chamaephyta velantia 2% f/@PEMAS 
Chamaephyta reptantia Om oORee 
BLOOP CMT SORCORAT 
Cho 
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Fig. B. Aimsliaea apiculata at Mt. 
January (right) and April (left). When growing on 
a slope, the soil surface (solid line) often lowers by 
the erosion (broken line: a new surface of the soil). 
p: peduncle. 


MMBC S ZRATCEBHSo TOLABRKETC 
AEVED NESE SUD DF Ok, SH CHICANE HHA 
Hic dbFehi Dy & Ae LUCA EV EHD ZS, 
ANMOL G5 tee ey pM MACH PHD LAS 
NEGRUBS WO. SROMLEE UTIL b (Fs 
LUAM) OFFAMHUZOCH YO, bb OL 5 HB 
WIDER ICHOT LES CEBU. Mik, * 
yaya Ainsliaea apiculata DYSE\liC3s 
3415 CH) 2445 4) OWECHS. % 
PEA CLS SAS, SOR MD 57 Cp) a3 BE 
CARGG, MECZCLbhe<, CoB 
ATEAIERM SIND © LIL MEE DELSED 
CHS EEEAEHNAAD, S6¢ BRM 
Hin Sb b>. BTA, SHMKOS ESE 
BRYSORND Db, —BICKEPHE LATO 


Fig. C. Achyranthes japonica at 
Mt. Kiyosumi in February. 
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DRACHA9Y LBZ bBNSZo 

BIC) BWA ORI, Hi, ws, 
HER EWSWARECAICOGA, = 
D5 SpIFOH ESE (s) COTS 
WA DIL, SHRIKE ORO BADD 
QS, PATCHNTLESo HSH 
DEES He BAHFONEEW ACER 
OIE, SR, HRAMICH SAS, CO 
L3is, PA Chret LE 5 MIC 
RNOF ONE CHEM AT SZ OIF 
WS CRW ERS 9 b DESEO 
hE S MPH Mt hie Snow 
B&SSB, PRRWICT LH PDE 
WiESNAZA. 4 7:2 XF Achyranthes 
japonica, VF 47 2XFA. longifo- 
liaDZ&EXBCOMCHS. Mit, 
WC 2 HORE. 

— Fee SIN COSYRMSHSAM, CH 
(LHS DICH OCHS EMDNS. IM)ll - GR 
(1936) (2, 47 2XF 2%, PAD LE OLED 
\<4##>%4 protohemicryptophyte Ot LTV 


Fig. D. Plectranthus inflexus at Amatsu- 
machi in November. 


ZA, —HRICILTOL 5 PHAECIVCHA}5 
BD) Shik, WRICBR RES HFOS BIC 
Lot LIE UIA PH t RRNA, HF 
OMB DICH Ch. ct, SP pICeaS 
So COMOL 5 Ich FHOMALEMAAS 2~ 
3 AOU CHZCEMSBW AS, [LAMA RICE 
Wks, & ¢ ICH PAR CPB LPT Vo AEX 
MBAS LMHOE S(t, S$OF5FIEKBAS<L, ERE 
Orie & HD» BAC, BAH PH OH 4 
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Lat, Milky +>» % Plectranthus inflexus, 
EAT ORCA SNR, LM ADK CH 
Do 

BME) onsgupPApRoOcChoa, BAF 
DAS <, CE BB 335 Le IEEBA HRC 35 


Fig. E. Agrimonia eupatoria var. pilosa 
at Mt. Mineoka in November. 


bbNAOC, HBV Fh PHM t isn 
Too RAIA PBeig5 CK LDV & fae 
RAEBERKE Wo 

Bikey sxe 4 Agrimonia eupatoria var. 
pilosa D 11 A (4SMLYYIATEL) D4 90-CHS 
Bs, AOILEDEEORREC, FIRIEL AER 
FESR. FY EKER EHH CFR 
LEWS4GAMSSAY, MOLB2Z6NSo, 

F) S982 bv5 & R3 MO, WdbsS 
Sikbb 
caespitosa ~G, “Shi POCO MBM RIE 
CILHS29, RIOMMD6PSZkL51C, BK 


Horstpflanze Hemikryptophyta 


Fig F. Carex morrowii at Mt. Kiyesumi 
in January. 
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IEE Fate 0 OHUICS ¢ RET So bMdA 
DORIC KT, TOP», ICHAEL 
HorPAR yc PRBS NDZGSB Soko AVYAT 
Carex morrowii 3% 7 AY AY Carex multi- 
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Ie 1 HOR LOST. 

BMG) v72”7yv 7% Rhynchospermum verti- 
cillatum DL teIChHS2A, 11 HA (MOK 
RE) F°CICPRAGE (b) ASBART LCS DH 
Hn cA SNC TV o ERM PMeEAMS 
NZYR4HS9, ES (HPC RtT oe 
SEEETEAS Cho Do 

— FF, WEF (1940) (RPARRERTAS & LCL SAM), 
REPAIR (LER -CH55, HGRAD564SL, & 
*AYaryYOLIj partial rosette DR47 (Co 
PW LELODDRSS. Mio ES (S) HK 
HEE EBL, FSROULSE (s) OLDS 
SEO LMA e + y pWIC HE < BTL, CO 
CREF IBLE Do 


Fig. G. Rhynchospermum verticillatum at 
Mt. Kiyosumi in November. 
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Summary 


1. Among several important problems concerning the field survey and statistics 
of biological types of plants, some cases difficult to judge a life-form to which a 
plant belongs are discussed in this report. Heretofore the identification of life-forms 
seems to have been done without much consideration as compared with that of 
species. To avoid such misjudgements, it will be most important that many individuals 
are compared and especially the underground parts of plants are examined. 

2. In this report, ambiguous types of life-forms particularly concerning hemi- 
cryptophytes, chamaephytes, and geophytes as shown in Fig. A~G are discussed. 
A) This is one of evergreen lianas, not climbing, and a creeping chamzephyte. 
The highest perennating buds are lateral buds (b in the left figure) on the creeping 
stem from which some adventitious roots grow (Fig. A). 

B) An evergreen herb as a rosette-like hemicryptophyte. No terminal perennating 
bud is formed (Fig. B). 

C) The highest perennating buds (b’) wither in a short time. This seems to be a 
protohemicryptophyte as a rule (Fig. C). 

D) A geophyte with an obliquely ascending rhizome. When a tuberous enlargement 
is near to the soil surface, it is apt to be misjudged as a hemicryptophyte (Fig. D). 
E) A rhizome geophyte which is apt to be misjudged as a hemicryptophyte for 
their large scaly buds often appearing on the soil surface (Fig. E). 

F) A tussock-like rhizome hemicryptophyte which is apt to be misjudged as a 
geophyte or chamaephyte (Fig. F). 

G) A geophytic perennial herb. As the perennating bud on the basal portion of 
an aerial stem grows already in November to a rosette-like plant, it is apt to be 
mis judged as a hemicryptophyte or chamaephyte (Fig. G). 
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AENIE 7 YF FIC 3 ARENDS var. debilis Kita- 


130°30° 131° 0 


Fig. 1. @FBRKRUBABICHSS Chrysanthemum 
— japonense D5FH5io SURILTOBAOPEL RAT 9 O FI 


130°30" 130° 
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FERLO € OBIE COZ 7 YH PICILERIE 
PHOVICN UC#H REEMASNZ. MEO 
WAIL Y zaAY¥ POHBROKSTCHSZEOMG 
USNS MAM EMO 7 YF TICILBED TE 
, GHEDBY LOOMS 6, BRED 4B 
BE LWo DL BRITA AEIC A CET 
WHI7YH MEL << AbnZBRCH Tt, ALN 
2s var. debilis EMA CWSZDILOWNIBYATS 
DE MbNA, PLIRBRERT LOOMS 
PEM RA ER 2n=54 Choko MZIipbynb 
ita FAIA CHATS IY FICOWT, 
BLWRBRRT LOR EBD 22 ROWER 
Re HSCS 2n=54 CHhok, EK ERI 
JE7 J¥* Wiilbnbnbt@Bereaws, —HoARe 
WE 2n=54 ChiT, AEAKMICLAILAITC 
Wiles sie 7 9 74 2n=54 
Chdo 

HUA MAIVL TB ICI 7 
PORTIS, COREA AEE 
ko COBICBIS 7 YF POBAIZO 
WCHL RGHRO— MBAR SIA LCEEBO 
WIC OS HE Leo AS EEMORG 
WMAZO(LAL DO HSIN, TR OA, 
FEaIR, GES, GYRO MZII, Pa~ 
AIT 22 Ofc FA is PD PIAS Gd Bo & 
NEOHICHI SA 2 YF FOL BY 
(ir CORIO, BULGE & HEE O 
ICH SZ. CHEOWL OFELES 
DIOS ABRs Meas, BEES 
“fe 23 BEF 21 ERIE 2n=54, FE 2 
ERIE BAPE 2n=55, 2n=53 Ail RE 
FOCHhS. BBE? YF WIDOW TE 
DFT NAS © LAR BRS CWOD CH 
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(RRED Sirf: hexaploid, @ ElitHE Sr octoploid. 


mura +h 7y¥7 GHA Mie ee pe), var. 
ashizuriense Kitamura Ce Palinpe), 2Beus var. 
crassum Kitamura AA Y TI YX 7 GEEKS 
HE) BRL CWS. CHO 3 Wha var. 
crassum (L@SITZAT L 5 1c 2n=90 BS 10 (FA 
Gi Za, var. debilis Ixus var. ashizuriense (x 
FKicdas £5 cs 2n=54 CM, AH Y 
26 7 & Behe RBLIC IAS S FAIL 7E\o 
PAARODRARTAROME, MERON 


Lie LIRRA ICS 
2, 8 fFH (2n=72), bNHNITBABE YF 
Pik 2n=72 AS 8 fFAKCHLCLAMED Ro 
COBKRG4Z IY ZORRO TS BF 
WED BUI, AKUMA AEE Ch SA, COMB 
FeO LRE OIA ESRC OS PANES, 
2 I¥ FORMAL BO HH, Wi, LA, BO 
Hl, REOWENITICAW CRD. ERIE 
AU BAC APNE IT (LAO BRO MAS HS 0 IK 
LOA SHH EMO TOPICS 7 YF 7A 
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bihiPokOeG, COPICILA AR 
bSHARLTWRVY4LDEBXL56NSG. 
tp 3sA8 RIB 7 9 DICOV CHIC FBG 
Ligttwtmeb7ewOlk, PaaS & BAAL 
RIEL, WRAMIC(LZEA EVA, JAE 
HIS 6AM HSDT LE ECHSO Hl 
bP BEE ITED IPE ROU RORMIO LO 
TENS & ECHR aE 7 YF ICY 
TWoO2s, PHALAB PERF IK A PE (SBI 
RUMOR MICABOMDY CBW LE 
GH Yzs7¥ Y(Chrysanthemum orna- 
tum Hemsley) HE <WMCWwAZDCH 
Do 
3. 10 fH (2n=90), BRAKE 
ZBI ChNdINE 7 I ¥ THERE 
LRA, CHbLOEO TY ¥ FitIENAS 
var. crassum & 208 L724 O'ChA. HE 
RABI CLHMO“Ze, We, G 
WE, PURPORT IN CHEE LIA, 


3& 


s 69 48 8 820-821 & WA 31 4 10-11 A 


129°0' 


0246810 


wo 
Fig. 2. RAG KMORZIEICII 4 Chrysanthemum japonense 
DP Hio PML TCORMO FER RT o WKAUILHED SNF decaploid. 


oo 
at 
a 


5 


Fig. 3. fEFEGE Chrysanthemum japonense ® hexaploid DAH IID Yefa~E (2n=54), x 2250 
Fig. 4. EBAISBE Ch. japonense octoploid OAL who Yefa pe (2n=72), x 2250,; ‘ ; 
Fig. 5. #5¢K/2E Ch. japonense  decaploid D An D Ze 6 He (2n=90), x2250, 


Oct.-Nov. 1956 


CHEOUMICM Chk? VE ILM RT PAS 
ISB 0 HMI GCIRA DICT ERE LED, = 

SE 4BRER LCOS. MCEICAY CLM 
Bi DCO TB FERIT HS > C AER EE Lio 

EatORL ORBLE ZY ¥ WiILZORA 
Me RETA, EE CICMNARMAA CIs, 
FAT 2n=90 CGHS._ AMlS.10 (FAKCHS_ 

DNDN HH SICH SERBS LAO 
PROEMCWSAS, KGS RIALS < OU 
FELWOOD CHAVRH). HIDMSEAB Ct 
Ab Sits 30 US RYE OSS < OHBICARELIREEL, MIM 
THs, iS SHE, KLOBARGROUEZE 
CAHOLA LED COS. Mbodbhdbnsawgzs 
AS BOOBS ITY CHE IBF. 10 FFAMILAB 
DUO < OHA KRONOS AIC hLEBLTY 
>DtHdbirS_ 

HSER MOTE BIE 7 YF 7ILHHOULAHO 
7L* FANS 6 RU 8 (FAV IK Heese L CHICK 
Bro DL FICBOKE WW DITFBAMOB 
CLCRATSZ4LOi RbNS, MOO 10 fy 
(ERR MOGATEDRGBBICOW CT FG RIELAT 
BEANO ClLEAMETSCH4A5— 


aff Es 

I I*¥ ACIS SSTARIC OW CT OPER BE 
1k 6 (FWICHIT SBR CHS o MS 6 HAITI 
Clk TC Hitvic RRIEA HT ZO CH SDS, 
Bea (AKO K Xie BL ILEV OCHS CFAK 
1935), EIS, IU, AMICRI 4 ae 
AB clk7 2 ¥ FIRB 2n=54 CRE 
LOWS49CH6C, ERORSNADILS<1E 
AB FIC BG SBME CHINES. RAE 
Ata ll ZF Chrysanthemum indicum D 6 fFFIAp 
Brray*X FLORAL OBDNE, 
BULA THO BAIT INC LIE LIE 61 DHE 
MUEOBA LCS LOW TEOMA MIE Ch. 
indicum DB#f6{KO RAO ER & 452 65ND 
Bs, LAOLONSOBES IL HAARMIC LAE 
HS Cloth, ER PAUPPED var. ashizuriense 
& way S hr PoE SAY % FOE PRALIK (LAE TR 
MF BHO YF 7ITMB CBB 2n= 
54 GENIC RIEAH ZO CHS, COWL 7 
DYIO 6 [FM OBMEC S BBD MELO Beh 
BORROW CL, MOU L CHEERS 
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WmE 45 MICO TH PHF CHS 6 

RK BAGO 7 Y¥7(L8 FAL CH O, SEK 
ROE OWED 7 YF Flt 10 FFA CHASM 
6, Fea pRR DFAS HEIN Ah OS ITE LC 
WHET EBM ZODCHSo CCID RE LlL— 
DENCH Clk 6 HI, SEH, 10 HOW 
D> LOPS AYEFEL, 2 OMWSHZBRARER 
HSMCWnh\. HTS, BAB, BRARO 3 
OME db SD BICIN  TIL2 DOH D7 YX 7 
DBHCEZCWOHEEARUULAH SHSM OA 
hes, $LMOLI“CBGABAH SHAKES 
(k, Chb 3 WOlHO Bez Bd — SHA 6 ple 
SNS CH45 0 MPLIRGRADAM SNE 
FECA TH, COZ MMAR ERICMCWSS 
t, RIPREOPIEL UCL 8 FWA 10 (FH 
(£6 FW OB ore RWOBReS< ATS 
REP bBATC, 7YRIORPBABACEBRT 
4 ESE 6 FIL O 8 (FMM 10 (RMAC 
BOEHESNA, IVF TICAW TS 6 HAS 
[HEY Coot, COBKOAMOUIILAS < PUB 
DER ITIL OR Ch A 4 & ADNABA 
DTD BATCH ORA fh, BEARS B st 
SEL ROCHA 

PIVIEFLZYF7CHMIHN, WHE 
WeRABO 2, SERS, Gila, B<, 
WEDS B KS FORDE, 2YFXT7L ORB 
KOM kL, CHU RARE AAC 4 KL 
Z4NCHS. COLE OMB HI RBS 
LO BIRCBAZR CGhot, 79 FTIR 
BARI LEZ COSEb, 7YFX7ORAERM 
CHD TIL OD CHS—5 DLIRBRHSBAT, 
FIVIFALISF7HboHBOnK Loc Hee 
SNAZDCHS¢, BARLE7Z YF TIKI IT? 
FPEPEARAACSY, COEEOPAERBICE 
ZATWSH EOL 9 9 + 7 ¥ YOPREA 
FELSoOMR I, bi oRee—-BAAKS 
LO44906HS4,. Mo79¥ FLAC DAT 


ZICOMIMELT 8 (FHI 10 HHISVEL, 8 


(UBL LC VIF IF Wo RELOEBR 
bnS. MLA L OTN, Chrysanthe- 
mum japonense (LTA CHAE 
eI LOSE CEMMEL CEO, ERVY 
ZITO OFFIC LCE CRI BR 
WROLODCHZMb6, CHERRELT Chry- 
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santhemum japonense Complex. ¢ fi, L4##S.9'C 
3% Clausen, Keck cus Hiesey (1940, 1945, 
1948, 1951) [LWA AORTA, MNO 
WD OU EREEINIC FERRIC DEFE L7ciizR Species 
Complex Offl%\>< OP OMIT AW CH SAIC 
LOWS2, COMBI LRbNdHN OE 
UPA EHUMIC IN C 4h ARORA Tl 
ZrcLERTD CHS 


tal 2 


1 See*e(t7 V7 (Chrysanthemum japon- 
ense) #7), PIES, ILIMCAI SS <¢ OM L 
ORES SZ CHEFS, BAGROEREH BIC 
Pav» C OMNI Ape HIN, FRE LEER OW 
CHREANS OMA FE eT oo TRE, AME 
ic 6 FY (2n=54), 8 fA (2n=72), Rvs 10 fit 


is 69 2 S 820-821 & 


Wan 31 4 10-11 A 


A. (2n=90) DBwHAC LAH S DICH ao 

2, OR, JUN, WAARO MRO mille 7 
D(X 6 FHC So LAGEROMZE CH 3 Clr 
ED, BRELONSOMUAOS ¢ OBO 7 
VRIOBRARKRRANKBE, Bie 6 (FMECHS 
UEP, MEF BE? IX Fit 6 (fFCH 
ZOE MOEN BMIED FESSO LTD 
726 

3. BABOZ VX 7128 (FHM ECSSeC EKO 
ALDICEBDS 4OILFY = 7 ¥ FICIGRAMWITC 
WACERA So 

4. #EKBROEZRE YX 7k 10 FAS 
HACLDAMSDICH oko 

5. 72Y¥ DW THORN Ape BABEL C 3 BIC IME 
L, ZOHO 8 (fp bvyse7¥ 7AuB pie 
CEDMbDIKhoKo 


Zusammenfassung 


Die Verfasser haben Chrysanthemum japonense Nakai an verschiedenen Fundorten 


von Honshiu, Shikoku, Kiushiu und einigen Inseln des siidwestlichen Meeres von 
Japan gesammelt und haben daran morphologische und cytologische Beobachtungen 
ausgefiihrt. Die Untersuchungen haben ergeben, dass es bei dieser Art die Poly- 
ploidie mit den Chromosomenzahlen 2n=54, 72, 90 gibt. 

Die hexaploide Rasse kommt in Shikoku, Kiushiu und Honshiu sowie auch auf 
der Insel Tane-ga-shima vor. Die octoploide Rasse tritt auf der Insel Yaku-no-shima 
auf. Die Klone, die am nordwestlichen Teil dieser Insel wachsen, weisen in Ausseren 
Merkmalen eine starke Ahnlichkeit mit Chrysanthemum ornatum Hemsley auf. Die 
decaploide Rasse befindet sich auf den Amami-Inseln. 
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BR Sensas 


Reiko Kiramura**: Development of the foliar sclereids 
in Sciadopitys verticillata Sieb. et Zucc.* 


1956 47 A 26 Bett 


PARRA OV CILFERS ( DHEDSH O, HM 
BORO MD SRARIC FEET SC LBM SINT 
WSo PCCRAMICHETS 4 ODES S, 
CCIW OR AV VTaT4hERCO-MlESSo 
CH EORE D5 SHOAERO 4 OBO 
K5CWSAS, HICH) CORSET IE 
PP, FARR, BEAN he bIBETS CLAS 
BICbNZA LICH CHeKRO MIECt Ster- 
ling (1947), Rao (1949, 1951, 1952), Arzee (1953 
a, b), RU Foster (1955a, b) OUFFEEWIC DO 
VIE 250 

CeMCABE LCHWR 2 -¥ x + Sciadopitys 
verticillata Sieb. et Zucc. DPEAICME Sh J kit 
MAEM, BRAT OMA RAE UC 
CPbMbnNCORELDECHS,. -HoOHO 
Hex, 4 ALARA HURRY CT D> b MAES BS 
EGR 100 HM ERA TREE MELT I b 
DCHA. COMB, BOMB AIR, CH 
MICAS SEER, PRMD BED KE 
(FEU CTT < RRR IBLE LOCH SA, BB 
Dp & AIR AMAISE O MS ORHAN Ze BS PE I 
DWWoClt, ICR AVC HAR LK 


BHRODE 
Rt AES iN AO lLRO AY VS 
HILO C, BSTBROBA < RA 3 db HES 
Lewrtcos, 457 Alcs) 0 MAAS he 
DEOE, COBICRMORET, DRA 
QAAFGIBABSI, TA2ZLBECRNT A 


SIC, Mit MARIE FTO DH ZN 20 
BESOVREL, Bewke FAA. CHELKS 

l. EORRBEOM 10 Bicowc, Hoe 
(hte 9 10 p GEvrEShe)—30 p. CAV ERBR) D8 
774YO0F Bilt, ROSIE A HET) % 
fE0, ~~ RAV VY ERIF=7Y CHELES 
R—-FF, 8% HCl CHYSARPRL, 5—10 Fal 
DAL, zine BRE LK PE Leb, ae bo Ee 
Ca CHI Lik MR DIE Oe y bea 
FARFFFARCMEM, VIF HaAVRIERPEZ V 
VY eT NA-—NCHUKS 

2. A HKEORRLARICt ZR, MAGE 
the 1 #7 KOH oc 7 BARB L 40°C Ic te 
BAW (LRAARRA, BABB RDB ED 
ChokOG, Fig.2.C ICRPEF I RRO 
CDA DO CHICDIE & An, BASICS 
(Fig.2.D), CMe NS FY Yee ay 
CHL, ik EES A CHEK. 

3. MH, BMOMRICT S ASIRENS eh 
#2(4, MBOPRKE ¢ A AICHE EMER TO 
Ko MSHA RELA 2026, 5A 
16H, 6A1H, RU 6A OAK Fig. 1 cH 
FLIARARROSTC, TORMOMES lke L 
1S 


5 8 


A. BAONEOBE 
4 7 BIC MD TR BED BA & OH OED 
Bb bbLTCH SLE 2 % ATH, EEE 


* Contributions from the Division of Plant-Morphology, Botanical Institute, Faculty of Science, 


University of Tokyo, N.S. No. 75. 


** ALES hi ZAS Botanical Institute, Faculty of Science, University of Tokyo, Tokyo, 


Japan. 
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OUEREe aL, 6 A 30 AIZS~H 130mm [cee 
LCHERR Kor Fig. D, ¢ofHl5 A 12 Bic 
BE SILL 40 mm [Cee LIC t ORS % 20 
SUCHRROW, TOMBE ® He Lek & 
2A, FMB 6 PBC wit CLAS eh lL 
won, BEREBETHASUMPRERT © 
6 AL AICE ORs 4S, 6 A 16 Alc 
HE COREDBe 457 LRE CA, MANO“ 
$US REMI AEUMHRRARL, COR 


SS. 


SS 
SS 
SSSSQ 


= 
SS 
SSSS 


Si 
SSS 

SSIs 

SS 


Fig. 1. 


marking by Indian ink; 


3 se 296 
4—-—- 306 B 
5 mente 255 
6 ------- 220 
7 169 
A Oates 286; D 


iy % ME Be 


Elongation curve of the needle-leaf. On 
May 12th, it was divided into twenty equal zones in 


se 69 4 HY 820-821 & f# 31 42 10-11 FA 
SADE OPE OIE DRG E CHIC 6NZOE 
Kiko PERI 20 85> LeTRAEaBIA, BIC(E 
ZRED Volt. PMOOLS GRMRIA 
BROS DBD b SARICbn cree LAs 
HESSEN d 

—3, BRIDES S IAL CHSC Oe 
DCRAICHATSAN, BRARACHBLRAD 
DCRR O,7A2LAKCBOTO 
BK O24 5mm) CLKOC, CORMIER 
kD, MbazaVv rele TCs 
“SED UIES BHE LCDR, TACO 
BEAtORACETAZEG, Re 
100 HL EOHAR BT 4OCH 
Do HBEOMMMRBRBToCL 
cL oO, MiROMABELELCKO 
FAANCEZCL eo Kk. MERA 
RRO PRBS HOSS, 
WRI TILABKs CRE 
AIRED, PRICE Mie Eo T 
Seas Cig. 2. B), RRO AS 
WEATHER DURAICET ZA, SL 
DORR, MROCWICHET 2BA 
iN JeLZ SB) BR EE 4 HF [dC BBS FT 
le, Carkcfko CRILHA BAS, Be 
INC $3 > C=BPUIBICA 6 2 AER 
FLEE ED, © OBSICHR 4 LVS 
WADsIscCZOCHA (Fig. 2. C), 
ERC OBC HL O MII & 
BL< BETS, 


the lowest zone was 
subdivided into four on June 1st and June 16th. 


B. REC Ist 4 BRM OA FB 

29 V+ F1CIs> CITES 
REAMBZEO ICEL, BUTT SILE 
& U CHIARA & FRIAR ARR OBE IC 
HUET 4 (Fig.2.B, kU C. xe 
(LEAT OSS CELE S Z BRET 
Do MAGE KOH CHUL ES, 


Fig. 2. A: Showing the number of sclereids 
in each zone (1-8; 1mm in breadth) across the 
needle. B and C: Cross sections of young and 
matured needles respectively, x x showing the 
distribution of sclereids. D: Cross section of 
matured needie cut open along the broken lines 
shown in Fig. C for counting the number of 
sclereids shown in Fig. A. 


Fig. 2,.D DE45 CHE LOD 
WCCOBR Cb: OME FIO 
CoA, EF—-ALCRKOL LADD 
Drotkio MDB OS MBICIE VEL 
FIRMIIDRASS ¢, LOBED 
RAB FE <, BrORAS ¢ Hee 
WKREARL, iS ZR Mte 


Oct.-Nov. 1956 


DO4G>s TlH Ai(Plate XVIL A), HPCE 
VMS ERAUD <, FB MAE Sp 4 GV, 
BIC IRC, Fig 2,A OL 5 te 8 hte 
GC, BBS ACh OWI mmeike meas Tih 
ANIC dS EMIIOMeRM RELOAD, AMOK 
BNC SIF HL 5 MER LKR MARIERE RIE A 
ST EML HEY ORB ED, x ORI 
(SIIAED 10 HICOWCOPYCEZ Hb, E 
ULVMEISIE OE BACIVE MS. COPRER 
(LERLRC tL ERTS 


C. BR MIIO RE 

FARR MI > 58 D> b AU RALEIR BAZ ECO 
IRE, 4% ORM DAICL 9 A eih> CIB 
SHA, 4 A114 BBE 2.5mm € cox cit, 
MII, KOKI, #EAOBE Sb Sh, th 
DEA OMI & BST So LILNBECHO KS 4 
A168 4mm i274 ¢, ER MILBOL CEH 
B(LRAETL S. COREL MB 1 HX Plate 
XVII. Bic. ADAMI HORA OMG k 0 
RE<iO, PRR UCHUS EPHSNS 
PPOMOSAZIBERT . DRO RE OME 
SHO OBRAKES ¢<% 5664046 2189.5 
mm (CH LeBHOZH* Plate XVII. C ICT, 
DEAOF~ TC OMB(t, ZED, HA, SEHBO 3 
bd, COBMOREKB HL Ko 4A 28 
413mm oO8fOZ*% Plate XVII. Da Gi), 
Db (AEB), De GemmeB) CART. CO3 Re 
AD EFEMBDL PBK O, PRA I O 4 BC 
SSAOUEA TERE ART. FCLCONS ORR 
fidtt Plate XVIL Db, RU DcKRTEII, F 
DANI ILED IEA Oitald® itr k 412 UCM 
ASRIGRICHEET SO5A6 A 22mmoR OS RM 
faze Plate XVII. Ea GE#p), Eb (AB), Ec Get 
SBYICAT o MAORMBAZIC $sVT 4 Plate XVII. D 
Lo 4BBDEARKEAARTA, 26a (Ea) ic 
BIST, HUEEO HA (Db), Fess (De) 
DEnL ob PABA HEKECHSETE 
(k, APAORER Db 4 MROT LE CHS, TOL 
sh BAOMEOMARL, DRORHC4 SKC 
*%, 5H 268 75mm OMO)|F[RMdI—Plate 
XVII. Fa (2628), Fb (B&B), Fe Genes) —(t, 2E 
BRP LSS OWMEICh OA”, Feast 
PICA KIRAN E BAA L, IEO ER MIO KM 
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RAI PO RRS EO ORD BEE SHS — LI 
BRBICI RIKI L, BARS CISL 
TEARASKMBS Se HDSL5ICUwS (Plate XVII. 
A. BONES). ERR MIGS BES IC AEFET S BAIT 
OFFREMWICILAY EA HOD, ARIROIEE ORE 
(IR CH So 


D. ER MIIORICOVC 

dale CHREBE LEEW UNS— be, fas 
DET SAW AAKOMEPIBAL, DRO UA 
F—hb & HeeRA Le. 

1. BORE SOW. FROB< OFS IE 
BROKE 8 SRE LC IPI & tO BEA ORM 
fate DARA 5CWSA, 2Ve ++ CIB 
MASI ORILEEA BD Oth MIO & EX THAES 
PRD ARBEIT FICILPRPAKEV EFS 
ICABNSZM4LHS2A, THAR AMID HEL 
7s PBB Clie <, FRESNO RE OMEFTIC 4 
% OMIGA ROS LWA 6 PDbb THOR 
ADMIDOMORKS 3 cFUB RE. COLE 
SHOP VUADS—bCLABHIC4LL REN 
C\.% (Plate XVII. B-F), 

2. KOBRBICOW TC. RMI OBCRABA 
Alcs LC OREO 4 DRAWER LEM, 
BZ DFE L CER BOMERIC Fo TS 
EBALONAMILS< ASHT, KEE MIIO 
FEE ORD CID 4 OCT LUE LUD ERB 
RIG T B (Bd OF HICH UC HFEF SO LAB 
HSN, COL LMHSYOFTMICOTROS 
tMRAZSLBXb6NS. MOS< HEOMMC 
33> C ERM ORM LD UF ORE bake L, ik 
RORRIC IRS 9 BANRICHT SL, TCICBRD 
DIMA E OD, BePHWRAROPREA CSS 
(Plate XVIII. A, XU C)o BICMIRE DBM 
FTV, RO ONE LET S ICA ROMRAS Is 
29, AIDILROD NBO SWC S. FHL 
CRELBOP ORNs ERTS CBRE L, 
AROITIE PALI $s S ¥ J (Plate XVII. D)2 O 
REIDSAS & He) ikUls Alc ih ew MA» % (Plate 
XVII. E, RU F)o MBF A- NM & 0, BE 
$% MIO 4 3s LAK, MIB > CE 
Me lit. hi —RIROMELBSRELOR 
Plate XVIIL G Ica, OE 0 BHO R RRM 
dO RYoRaL, ARKO MA & He L, ROR 
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RIETZODICAVITCESA, TORIC 
SZCLHERW LEZ SOMBACH4 5 0 
3. [ERRAND 2 ICV. RNAS BHI 
2ERATSCEBLIELITME ENTWSSs, 
AY FIC IB VT ED CBD EE 2 a} 
HERS So LADS L KR NID KORET 4 RF 
Micbkot, COMBELK Mido PS SiR 
anna tet HA, COPICHMIASS 24%O4 OR 
WMeT-LOH, 4H16H Gmm) OMOSPeBEL 
PcAERRAMNA 362 FA 2 AANIC 2AM, 44 21 
H QOmm) OFA OBAMA 523 2 KOLO 2 
AONE 4 FEM 7 o 

Rm PUT BAC RRA Le 72 C HBO 
WL bhwoDs, 2VVTFICOWC OMY TH 
WieBiceaib WF ScLBMobrkeo BO 
NEOEDEMEW TL, 4% DKYORS Slk 
fv} HERO KART BN D5 DIZ (Plate 
XVIII. B), 


s x 


FERRRHH sclereids OFX Tschirch (1889) 
2s Sklereident #URC LICH O, DISKt OPE 
PeAVIC OV ClILBODOLM* BiH SA's, Eames 
(1947), Esau (1953), Foster (1944-1955) IC #E 3 
& diffuse HJ asterosclereids |C}B+4, 

HOMRIC LTC, Feige 2c OP BIC SSE B 
BRE HRT SOL, MoBMoOMMPOMGMBIC L 
5 CHOMRAHACLIL, BRAM RIES 
WAIBRGCSSAS (Coulter and Chamberlain 
1910, Cross 1940 #£), 2¥Yy~3~¥+lCsV TIS 
YROBE CLAUS © OFRAMICBE<, RAE 
Th D bite & te 5 CHDNS}o 

FIRMA Df] x DFROMETAREL, MILO 
< DUFF (Arzee 1953, Bailey and Nast 1944, 
1945, Bloch 1946, Foster 1944-1955, Sacher 
1954, Sterling 1947 ) DMB LT .ZLLCSZ 
LUIS CHS, RHA VY TX OMB CL, 
OP RM CML, TOMA, AB 
USER 3BICdit, LOK% OMALIC Ist SIE 
FRAMNID FEI OVC HIE Litto TORER, 
FIRMA DOR L ASIC Lk b SEMEBAS Lk b BEAPIC SE 


ge 69 4% = 820-821 & 


HAA 31 4. 10-11 F 


FFF Seo EDMIMAL KOS 

Asterosclereid DERMEX UC, BEMBOMRIC 
BEL, DEBED 4 MIO RRR OPIS & 3s LEKI Ci 
LUMPBROA ICT 5 9 FERRRICK LC OBR OM 
KA OAFLA GAIX, sliding and symplastic growth 
(Priestrey 1930), 2zUs intrusive growth (Sin- 
nott and Bloch 1939) £D#%#i2Sh 0, ERM 
JAOF BOS & BEE O Mid & OBA RIC OV 
c, Arzee (1953 b) (& Olea (2 48\>T intrusive 
growth #=E#EL, Foster (1944 etc.) ( sym- 
plastic 227 intrusive growth 2:4HfR5 Cftb 
NHECLEAMLTS. 2VVTFICBVTE 
BG OMERAT SOABALHI © 

FEERHIDIC OVC OMA ORKMAIL, COBRA 
WOTMICHNA TAS WS & KHL CWS. 
bOI, MHOTHICHRET 5-8FIC LE 
L, LIXLITBAKBES4 LING. LOLAVY 
+ CILMLDOREA Mimi ORK IK HERR L CIRA ER 


_ ¥ SOHILABHN (Plate XVII. B-F), O& 


RIV 4 OBB ODS, KELTE, HORES 
Ondo Midge ples 4c & (thin c AEC 
dDo 

R, PRBGALITHS © LILI LIE 
L, Arzee (1953b) IC EHIE Olea i ts\.c HE 
MII ORILS OPPREIVMAOBBI AW IF 
b, RROV KAORI UTC EOF BICE 
HtS°L eR ULC WS, Foster (1955b) (t 
Boronia \23s\.C-Pld 6 FERMI O BE OWE PF 
CABO SC Le L COSA, RUC 
RAMICILBDES, MICARKONMIChH — Chr 
TEER So COR Olea L RS, aVe7¥le 
$V >C } BRR MMIDILIME Le ERIK % BAS 


BOL, MROVGOICRSA, FAAP AGAte ‘ 


MLA BbNizw5% (Plate XVII. A KY C), 
CDOEDARRURICHS TS UL PbNS’SB, 2 
WAR BARAT S EIGER Lin <teo, (IE 
PREDICALELS (Plate XVII. D, E, Kut F), 

Arzee (1953 b), Sterling (1947) “tits: 2/2 
TEMS AIC 2%, Teor 3 % (Sterling) #74 
SOCLMHRUETWS, SRlh a Vv eel T 
%, Bid C APD R38 -C 2 ASHI SOL Rw 


* Brachysclereids (stone cells), macrosclereids (rod cells), osteosclereids (bone cells), astero- 
sclereids (stellate cells), trichosclereids (internal hairs), 7X, 
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and c in Figs. D-F indicate basal, middle, and apical parts of the same needle respectively. 
A: Matured sclereids. B: Sclereid initial on April 16th (needle 4mm in length). 
C: On Apr. 21st (9.5mm). D: On Apr. 28th (13mm). E: On May 6th (22mm). 
F: On May 26th (75mm). x 650. 


R. Kitamura: Development of the foliar sclereids in Sciadopitys verticillata. 


Plate XVIII 
Bot. Mag. Tokyo, Vol. 69 


Plate XVIII. Development of sclereids. A-F: various types of sclereid initials found in 
macerated preparation; a binucleate initial is shown in B. G: a matured sclereid. x 1520. 


R. Kitamura: Development of the foliar sclereids in Sciadopitys verticillata. 
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fo 8 Oars OREO AS Sth Owe AUF, CUBR hae, HERR 
4% Sterling OZ B (1947, Fig. 13) £0 & BIC WISE PR OTE RETF S 0 


AA ChOCLeRLE (Plate XVII. B), 


Résume 


1. Development of foliar sclereids of Sciadopitys verticillata Sieb. et Zucc. has 
been studied in checking for various stages of needle-leaf development (text-Fig. 1). 

2. The needle reaches its maximum length after very gradual elongation by 
the activity of the intercalary meristem during a little over eighty days. After this 
process, the needle markedly increases its breadth, owing chiefly to the spreading 
of stomatal groove which is closely folded until that time (text-Fig. 2. B, and C). 

3. In matured needle, sclereids are especially numerous and markedly ramified 
from apex to middle part (Fig. 2. A) while they decrease in their number and 
become simple in their ramification toward base (Plate XVII. D, E, and F). 

4, Differing from many cases hitherto reported, there is no notable differencia- 
tion in size between nucleus of sclereid initial and that of mesophyll cell. Accord- 
ingly, initial cells are difficult to found until the ramification begins. 

5. Translocation of the nucleus of initial cell occurs in certain earlier stages of its 
development, giving rise the protuberances which soon elongate to form ramifications. 
There are found, however, no instances in which the nucleus translocates into the 
elongating branches. . 

6. Two each examples of binucleate initial were found in at random observation 
of 326 initials obtained on Apr. 16th, and 523 initials on Apr. 21st (Plate XVIII. B). 
In both cases, size of the nuclei was unequal. 
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Tamaki SHimaAMURA*: Cytochemical Studies on the Fertilization 
and Proembryo of Pinus Thunbergii 
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PEF AL DIME OBIT DILIZAAES OA 
trOoFRRONTE Ch 9, SEHAIAOLEHOH 
TAY RRs 4 OD CUEREED SNCS, BG 
(% 19385 ICA Fav, VF IORBAIROKXO 
FHANF Y MIRO LC HHL Ko HRI 
OBZ, MNULAAD FIC PETA FER Dh 
EUk MAOMRD 50 7" + IIFOWCT 
Fad, IF IDGALUMLE CKANRORLX 
IDEA MICHA t OPER EC CIMT SS 
POPROBKRIE UC, ZHBAFHS MEF 
RSOAMWMA, MPBBAMROBAICLSZe, 
RSMITMRORMBICLACL eAML, CSIC 
RicRHORRET. 


FRO HR AK 


y3~y Pinus Thunbergii (tQZk BRR 
RBA OD RBI BES 4 OOHRS HLEBK 
% 1953-1955 ICH) 6 AMAA b PRICE 
Lio MARR & OH LCE OICEEL 
ko BERL AN ITH. FI YR, FVTA= 
DIX, ART - 2 — vii (50% = ® 7 — rv 
100 c.c. 3KHiM 10c.c. AK Ser) RAV, 
PAE, UE Wik, S774 YHAL, 
7b - AMI LR WMHs 10~15p., Aes 
7a tn Fywee, Sfesays2*F-nyy 
VRBMU bUAF YTV —-PBR To Ko 

FAANE Y IRD MAF HEFL S~15 555 
Y y 7ORBITIXL 10~30 HEH Ade SEIT IRE 
MEIKE SBAOVMALMY Nit feo 
RAW AY* SFAONFVY(LBMO4 OAH 
(1952) OEIC L OF WHE LELORAV Ro 


RMAF AVITAL 1% BIRRBALKO 
ICR YH RIVIS—CICL AW (LR HA 
LCe#hilre 


cu & 


UMN: SY & MSRRNNRY & % BIC Lo 
CHET AZRALEH OMIMYORA (VT 4 Fs 
PLILIAANT YRIGECHS (8851 Bo 
PAI BARD A CRUSE < PAT SSA 
ERD OM MEI KRBAChS. PHOBE 
RIL A4N TY BS CHILES. BACH 
FEA nT RE DA OBA (2 MIG AICI Zz 
ChT< (2B). 

eesti, SNA: PIKE ORL It 
PENS < YMBlL7z4nr 7 yYRIGIE CHS 
53 B)o WRIZKABICKAS LIU cS 
ONO CK ETS. COM7 a4 ney lt 
KRISS iD. MAIAKLEASICHE RN, Bes 
BRIS OAD DTA Sfx 7 a 4 Fy ROE 
Btw, FTICMAL KE SHEA OMMRL 7 x 
ANF Y RINISEAIACHS, REAL F gv 
7 nv — Sols C(t A OMI OA Ba CR — 
7~4AR—th) (LPETSA, BARABBL 
TW NAP aY 2 AFONA VY YAS OM, 
[LAF NYY —y CREBIC ISIE te ¢ CURE 
Cho CAICK LMM & POEL GMEMEBC BR) 
DART HAMS 7 a Av Fv BLISTEC BB (H82B), 
SAAS DEL & SEC REICHEL LS 4 
CARTAN << PR BD DRI S 

ALR: ALLA KORMOAy BALEO 
CHOEAs, WENEMBIECYN AL 7 a4 neve 


* fh eR FEE BEF 28 = Biological Institute, Faculty of Science, Nagoya University 


Nagoya, Japan. 
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ISA Ch So TES YO Peth LAH LIE LIFE 
IME Cd Sin < 2ELECH EM). MDE L 
Chia biz < fro kiko S 4 OL 5a, 
Sb RIL SASH < MEKOMST Ib MEKOMS 
Cb ARICA SHR ORSAD NAD. 
Mb7z4 vr FYRISIECHS, COMICB5 ct 
FENN & UT Atta: ORI RASHER TS DS OUI CN 
Sl LCHS. LOLA OK b OB WARE 
CS. RHROP—-AYABOMI, PIN CB 
7M, 28 X) 2A ICA RAS CARPE 
PRUTHS © HUPWLE < AUN RAV ER CHAD» 
R744 nF Y RISIE CH So HEMET OB fp 
ARBIHSES TF 7 AV RAWAL A SHE. We 
EADS OO YA LSEB ISA Chie & 
BIS Se LMSABECSH SZ (A LALFARA 
WHEECHHREIF SS EAH, AUC 
BG ILASW DBA KOR SHS LESS 
PBICIAS Te) FCO GRABA MADAM (2 ih 
IVRICIB 2 TITS o 

BUIR: SB—-7PRORRE Ure WIS PADS 
RABICK S eif§ LSID Fito TBI RM) 
VBRED I YRESS,. COMBLERT AICTE 
BAGIL7 2477 yRIROMR CHENG. 
© OMRERMITPIORICBRE ¢ too RBIS 
MEDS TS, RBC Lc aT A 
hit, BAK 7441 F Y RUSIEFs SZ MV RRO 
BAAR 7 21 yYRDARAVBMA CHES 
CEHABAKBET SRIC HATS (4510). 
cORRIL A F a Y OYA L te 
CHEADHMBT SO BiS,. COLE 
FARIS PER AIEEE NSIC GES TC RARIC HEI 
PRIS (6511 B). PERIL YAIR 
DLO CYAMROKABD SMMC X CHC 
(120). MMIZRMMIBDS < RBIEKE < te 
4 (6138). GELB EBICET AA, Yo 
AMI Az heyy, Nft{vayvHoRR CE 
< PAT ARNALbNS, COLD SHR 
YORI bNZ—-GMCHS (45 12,140), 
= OBR O(LSHMHEAI ROMS UCRELKS 
FJZANGFYRUGACHS CH 10, 11, 13 &), 
RAR AaYeRFONS VYRRGH, br 44 
Y7 1 — CHEE (8 12, 14M), se yRIAG 
Ronth, MER Bz DUT — ee CMETSL, ¢ 
PY BS eis bid CHALE CHS. DE 
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DEER DAY b — ABIB LHR LOCO SEAR 
(AFVAP HUF AY) CHhEL#BLS, CORB 
LCL AS = [BY YIP BS OBS IY O Je] PH IT ATIC ELE L 
COD (53 12 BY), BUNA PU AMGEN te SIC 
(REO PAID IC OAL << LWA (4515 
XN). Fat ny y Befalt, KOM MGs oO 
Se Mio NOIS OPILIED & < fefds ie Bef L-c BO 
TEROZCERRPA, bLBAWOC KS OBIT 
Re ¢ RBC BASS <A EKA ER SNS. 
BS 16 BIC ClL RAMI ORAS 7 a 4 1 FY BIE 
TOT LCRA IS OPT BU DGGVT LARS 
CHA. 
QERMOBMC C7 a4 nr Fy RUNNERS 
LILFAALY V PRB ORIPECCHETS|S 
t#RL, DNA OFTTERET. NA eays AF 
-NFYV YOU Git DNA (LEE, PNA (tHE 
CREAT 4S. FAL CHEERS ARE Cd 2 
IZ 


s z 


eet 1985 ICV FY, 4 Fav oWeEKv 
WERZIZ TN CF EIB 7 a An Fy BCR 
HR Ck eRR LR FFP wy OPM, 
HERZIT HAN C RRS Y YY RIB R 7 4 Av 
Py BAfaAM(LNA wavs AFIT V-yRBH 
ECT SNR BK. COMRITAAMIT 
fEINT Sd» 

Schnarf (1941) (RKO < BTW So 

BOS LUA SbboTHRAROROWM 
(LONI bE MRA SNS MA OEAS 
FLD S IPB ICMIMIC ho TCE OBB OM 
PHEEMAONRORIChSLR}. SHORE 
OPE CL 7 44 FY RIALS T LTH 
Gil C, bOREOVELATSCL << #RSNS 
LOBASNEWCERGIRTS. FAAFY V 
7RYI2 CDNA) 23% CT 4 HAGE PF CUR SR Ze 
WREREIC TR LCE OBS, AROMALKIMK 
IOV CH RIC DNA 27ST LV SRO DNA 
DEBRIMTL LORE. DWROMBOMRIC 
Wt UCHEITDMSN CHS EFMEF ZANT 
Y LRM EL CULAR 4S CH O DNA Ze 
Li SB HSKicv 

RSI ORAM IC HEELS S Bea OMRAR 
BOAR, PHO Rx MO IC BK EKG 


526 i mF ME ie 


bo Ch 7 at nr Fy RIGIEtL UCH SNS 
Db, dS—HEO DNA AH ENTS IC 
BLECXZODCHS 

Bll Ar oe & FAV SURE LIVIA WAt 
4% FOR LUC AB CHOO LDR SH 
CAA, © OD DNA OFA ATH (LRFEIEL 
CEO FAAXY VHA ORE Ch A CPE 
DEDHAM RHSELBASNOAL, ERD 
FLEMB—-ALCHA UIROFER DEBE Ligue 
£$8256N4. LOC OMFS ASR 
WOHDL OCs < ABLES MBS ONES Ch 
Do 
RIAD 6b HIROSE MO KATIA 4 DNA 
DRWEIE CHO. C OPRT MB F OBZ 
& ha LENZ 4LOCHS, SHSOS—H 
BRTROFREROFAKORS, BSliwi¢ 
EB. BHO TRAROUBABRICLTCKS ¢ 
FOMBICEROB, KS, R&S UCHS. 
A FaVORWICRCCOMRORSHAZCL*E 
SHRI UCHES. EMORMMUKO DNA 
BiIt—-E CHS LObNCHSAM, Aikowon 
{ BARBARA t OBR DEI IR CHF 
(GE DNA DHOAARALIE KC HE CHS Lt 
BxSoNI, BAABKROKS (LIMES 
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{tro CHO DNA OH 4 CE 6 RAIS 
Srklwgere Bdbir4S0 

AUIEKOAS OWWNCAARLTC, BARLAO 
WINBILOw C OBA So SIMIC CB 
SERRE Bake ets) CHART SRAM & Hib 
DIRROMBI LIK T SBKAMR EDO TC 
#2CTHRAL, SHR idiochromatin ty 
j#% trophochromatin LPL KYORKRS Kis 
AReIC(L trophochromatin (2#H4HS 0, 2S 
WWE 6 HIME ORE LS MF So TOM 
BBWS <b. MSTHITHDKORRO 
taDILE& LTC trophochromatin DB ORMDG 
idiochromatin 42M SAMMY MDORE 
(SHUAIC ELC BUS fel. «=O < CRM chro- 
matin #824 dualism (W772 (k4RxrBcw 
Db AMINED, DORE RIEH UT Fike 
A OVE A EBA LRA BRO AIC 
&< HIRT S PNA OMAR XY h-— AK 
HAChS£4256NSo OOF OAR LYO 
MIH DIZ SD GBC DBF SYOMMMITE 
514. MAILS MIGS CA. PIR OR 
Fo3iP MGCP LOND, RAPA Baws 
ELE OKO WROBEL bead LIE 
ArH <0 


Summary 


1. At an early stage, the newly formed egg nucleus and the ventral canal cell 


nucleus are Feulgen positive. 


2. When the egg nucleus increases in size, it becomes Feulgen negative. 

3. In the fused nucleus both the female and male parts are Feulgen negative 
except the contact part of both nuclei which is Feulgen positive. 

4. In some fused nuclei thread-like chromatin filaments show a posifive Feulgen 


reaction, in both female and male parts. 


5. In the prophase of the proembryo long thread-like chromosomes are scattered 
in the nuclear cavity which is Feulgen negative. 


6. The nuclei of proembryo decrease their size after every nuclear division. The 
chromosomes have the same tendency, therefore the quantity of DNA of. each 
nucleus is not constant and it seems that it gradually decreases according to the 


growth of the proembryo. 


7. Granules, rich in pentose nucleic acid, appear around the nuclei of the 
proembryo before the four-tier Stage and embryo formation. 


= 
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Explanation of figures 1-4. Pinus Thunbergii. Cut off of the ventral canal cell, 
Feulgen nucleal reaction. 

Fig. 1. Central cell nucleus before division showing the nuclear reticulum 
faintly Feulgen positive. 

Fig. 2. Metaphase, chromosomes are strongly Feulgen positive while spindle 
is Feulgen negative. 

Fig. 3. Egg nucleus and ventral canal cell nucleus are Feulgen positive. 

Fig. 4. Egg nucleus increases in size gradually, moves down and becomes 
Feulgen negative. In the upper part the degenerate ventral canal cell is shown. x 430. 
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Explanation of figures 5a-9, Pinus Thunbergit. 

Fig. 5a. 5b. Consecutive sections of fused nucle 
filaments show Feulgen positive. 
negative. 


Feulgen nucleal reaction. | 
us, the thread-like chromatin 
The most part of nuclear content is Feulgen 


aon 


Fig. 6. Fused nucleus Showing both male and female parts are Feulgen negative 
except the contact part of both nuclei Which is stained. 


Fig. 7. Prophase of first division, long 

Fig. 8. Metaphase of first division, 

Fig. 9. Anaphase of second divisio 
of the first division. x 430, 


slender chromosomes are Feulgen positive. 
chromesomes arranged on the nuclear plate. 
mn, mitotic figure is much smaller than that 
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Explanation of figures 10-16. Pinus Thunbergii. Proembryo. Fig. 10. Prophase 
of four nuclear stage, chromosomes are scattered in the nuclear substance which is 
Feulgen negative. Chromosomes are Feulgen positive. Fig. 11. Early metaphase 
of mitosis of four nuclei. Scattered chromosomes, going to arrange on the nuclear 
plate. Fig. 12. Third division of proembryo. Toluidin blue staining. The granules 
around the nuclei including mitotic figure are well stained. Fig. 13. Telophase of 
third division. Feulgen nucleal reaction, the granules around mitotic figure are Feulgen 
negative while the daughter nuclei are Feulgen positive. Figs. 14, 15. Toluidin blue 
staining shows the distribution of pentose nucleic acid rich granules in different 
stages of proembryo. Fig. 16. Suspensor cell and two embryo cells showing the 
different staining reaction of the nuclei. Feulgen nucleal reaction. 
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On the Effect of the Atmospheric Nitrogen-fixing Blue-green 


Algae on the Yield of Rice. 
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BEEED d DEED 4 DIC PBHAERED SSDS 
cto < Doz SNC SV, HaALlke 
NOOR AC, BSCE S42 (Ls 
ASGARD HY AIRF THIS £5 Io ?o 

SSLIAM 16 HLS, PB ATHROIZAlE Ty 
F, Caw, 24, wud, RrKF, eve, 
a7 NN, NIA, Sa Ue Yee 
FAB 600 78, TOP Drb 10 HOE Az 
A EEORHe TBELBKD, ChboORIC 
DN CEE ESTE oka, FISK 
aH b CNS EROKMOLEIC LUST WAI 
DoCRReT oko COMBAOR—FZO (LIAM 
25 EINK LEA, TONAOERARL RN K 
AED Tolypothrix tenuis, 0 7 AED Calothrix 
brevissima Jet Az b FHED Amabaenopsis sp. 
DEFOE MOTB Ry b REGIE EAE 
LHeHLoOA, iki DAEAEX AF S Tolypothrix 
tenuis DIZGICOAMIROABL O LHL, RAH 
URAOBMITIN CENT Re CF ORERMTE 
BEKO MABROMRE ICL, C, BABIES 
UNTIED mS ICP T Ky PRR GAM SH 
Ro CORR ETERS S & AKI 1 
%WIZHXu»C Tolypothrix tenuis Jes Calothrix 
brevissima (24h DEI OMAN: HACE 
39, KRIS Tolypothrix 23 Calothrix & b 4, 342- 
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MDAZWSEDBHSHNK. BM 27 SICBOE 
aM MOBIC Lj CHARA Hi Sr 
Ko BAAS 27 EL OSE TC 4 SHI BHO 
BAR ROKFORBICR CARH SNK 
RVBMRLO CHS, BRBCS VCC ORME 
BBR, © OFMRRICB REE 
(3242 10 AAI AL AA OMB BABEL 
Tolypothrix tenuis Co, HO 4 SHIbow 
ICA LC OBDAA CABS OURS 
CHELELOCESZCLL, BERMRICLS 
31 FRORRGANKRSEAERERWRK 0 Bh 
2RHLEOG, PHRSORR CHIC Ret 
SZ rLOMERBDOKITHS. FARO RMGS 
KIAMA ORMIC LA, CBaVAILAbSAB, €# 
ILS RGB OF RASS SARL CRMC CLICL 
C, CX CILAMANCE TC Tolypothrix tenuis % 
PIAICHBT SC LICL oc, SEB KICLRL 
CHOMMERT DEF DLWY5 MRSS 
SLtcEAREWK, 

© OBIE TBS EMRE IC RS S 
Cea, HARM OFARHAnNeS ABR 
FREMOSANCIREETMEERI SZ 
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SURI FAV PEEZE : Tolypothrix tenuis (Sia 
Sprang (K2HPO4 0.3 g, MgSO4 +7 H,O 0.2-g, 
CaClz 0.05 g, FeCl3 JAR, HoMoO4 JAB, 7 1 1) 
HRB LC, MSS (25° C) CHIH YCZL BH 
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eet otk < SL, 2 ARN 100cc o 
FGI C 5.2mg OWES MEETS. Lo 
DESEEULIT 0.2% OARFAEE BRING S & SHALE 
(CRE, TIMRIC 9.6 mg OiRESE GE 
THo C ORME TS ICH At SOP MATE 
9 3 75 802 (EAH) CHL, 10 Ti 
AD AURA IT PEPE ABS TD FIT MONE 
1 10 BRL OPAL UES SDDS, COR 
DER TEOBRE TEL FESR CHE 
LBIME 2 HER SURI ALC, RRS 
tite CELI 10 AIK] 30°C -cHeBEr ze 
TS CRIT CHRKERTS, RICCO 
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SET 7 SIC PSR aE 2 vy 7 ICEL, 32° 
C CREEL CARY 7RMMESS &, 1 HICH 222 
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Fa-F(tES 6m, fh 1m CHICK 3001 0 
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FRED AD 9 KEPEMURHO FC 3% CO, & 
ADE iC CHIEF S & 1 A ICH 180g DFE 
RAYE SLNAOD SC, 193 7 A OVER D RIC 
Lo CHRO Bet DEEN 5 Ck DSHS 
D> BRC CDSAHR RIE Db HL BEPRIZE 
i CPB t OBR LOK DUDA AMIET DBS 
DUbIE < TtiPpokOC, PERE, KERICIN OC 
(fai, AUK SO PHN RPE Bae DC ERE 
WOE SHIRE LT eo RULE OBE CUM 
WO StHlED 9 Cie < MBAICHAA HO BD, 
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Summary 


An atmospheric nitrogen-fixing blue-green alga, Tolypothrix tenuis from Borneo, 
‘was applied on the rice plant in paddy field experiments. In these experiments it 
was examined whether or not the inoculation of the paddy field with Tolypothrix 
tenuis which is a powerful nitrogen-fixer was conducive to higher yield of rice, 
through the contribution of the plant remains to the increase in soil fertility. These 
experiments were done in eight agricultural experiment stations and three univer- 
sities during the past four years. : 

As a result of applying this blue-green alga, the yield of rice increased by 2.7 
% in the first year, 8.4% in the second year, 19.1% in the third year and 21.8% in 
the fourth year, on an average of eleven fields. In the first year, only the one-third 
of the algae which multiplied in the paddy fields was decomposed and absorbed by 
the rice plants and the remains were contained as the nitrogen fertilizer in the soil. 
This is the reason why the effect of the algae on the yield of rice increases year by 
year. | 

In one experiment, it was made clear that the effect of the inoculation of the 
paddy field with this alga was almost similar to that of manuring it with 64 pounds 
of ammonium sulfate/acre as the additional fertilizer. 
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Zur Geschichte der Angiospermen 


von Richard KRAUSEL* 


Eingegangen am 30. Juni 1956 


Mit vollem Recht lassen wir das ,, Mesophytikum“, das Zeitalter der Angio- 
spermen, mit der mittleren Kreide beginnen, treten uns doch erst von da ab ihre 
Reste in grosserer Zahl entgegen. Dies gilt von Di- und Monokotyledonen in gleicher 
Weise. Manche dieser Kreideformen lassen sich mit ziemlicher Sicherheit in noch 
heute lebende Familien oder Gattungen einordnen. Andere diirften ausgestorben sein, 
doch ohne dass an ihrer Angiospermen-Natur Zweifel bestiinden. Eine schroffe Kluft 
trennt diese altesten, bereits iiberraschend formenreichen Angiospermen-Floren selbst 
von denen der untersten Kreide, die nach ihrer Zusammensetzung aus Farnen, 
Schachtelhalmen und mannigfachen Gymnospermen noch durchaus dem “ Mesophy- 
tikum ” zuzurechnen sind. Aber ist dieser ,, Florensprung “ ein wirkliches Phanomen 
oder wird er nur durch eine Liicke in der Fossiliiberlieferung vorgetauscht? Ohne 
Zweifel fiihrt der Formenreichtum der kretazischen Angiospermen ebenso wie das 
gleichzeitige Erscheinen ihrer beiden Hauptgruppen zu der Vermutung, sie mtissten 
damals bereits eine langere Entwicklung hinter sich gehabt und schon im Jura oder 
gar noch alteren Zeiten vorhanden gewesen sein. 

Tatsachlich liegen Angaben iiber solche mesophytischen Angiospermen vor. 
Kuan, der hierzu neuerdings einen Beitrag geliefert hat, bemerkt zwar (1955, b, 164), 
dass sie bisher und besonders in den Lehrbiichern noch nicht geniigend Beachtung 
gefunden hitten. Priift man aber das darauf beztigliche Schrifttum, so kann man 
den kaum beistimmen. Axetrop (1952, 30) zahlt eine ganze Anzahl solcher Fossilien 
auf; Suevioxylon Krauser, ein Holz aus dem siiddeutschen Braunjura, ist fiir ihn 
, definitely dicotyledonous“, wahrend Tuomson (1953, 48) meint, das vorliegende 
, Material diirfte geniigen, um die Anwesenheit der Angiospermen fiir die ganze 
Jurazeit und dariiber hinaus mindestens bis in das Rhit hinein sicher zu stellen“. 
Und auch der Leser des jiingsten deutschen Lehrbuches der Palaiobotanik (Goruan 
& Weyranp 1954, z. B. 363) wird den gleichen Eindruck gewinnen. 

Auch ich neige zu der Ansicht, dass die Angiospermen der mittleren bezw. 
unteren Kreide nicht die altesten gewesen sind. Ein anderer Ding ist aber, ob wir 
vorkretazische Reste kennen, die mit Sicherheit als angiosperm angesehen 
werden miissen, fiir die also jede andere Deutung unméglich ist. Fast immer sind 
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uns nur Bruchstiicke des Pflanzenkérpers tiberliefert, wodurch ihr Aussage-Bereich 
erheblich eingeschrankt wird. Der Begriff der _,, Bedecktsamigkeit “ (Angiospermie) 
ist der fruchtenden Region entnommen. Gerade Blitenreste haben sich fossil nur 
ausnahmsweise erhalten, wenn wir zunachst einmal von ihrem Pollen absehen. 
Friichte oder Samen sind an sich hiufiger, ebenso versteinerte Hélzer, die Masse der 
Fossilien aber besteht aus Blattabdriicken, die bestenfalls Gestalt und Nervenverlauf 
erkennen lassen. Beide bieten aber kein den Angiospermen ausschliesslich 
eigentiimliches Merkmal. Netzaderigkeit besitzt schon mancher Farne, dann aber 
vor allem die nacktsamige Gattung Guetum. Der blosse Abdruck eines Gnetum- 
Blattes ware von dem vieler Angiospermen schlechterdings nicht zu unterscheiden 
(vergl. Marxcrar 1926, 431). Nur wenn auch die Epidermis selbst vorlage und ana- 
tomisch untersucht werden kénnte, ware eine sichere Trennung durchzufiihren. 
Holzanatomisch sind die Angiospermen durch den Besitz echter Gefasse, u. a. auch im 
sekundaren Holz, ausgezeichnet. Aber solche kommen wiederum auch bei Guetum 
und seinen Verwandten vor. Es gibt also Gymnospermen mit Gefassen, wie wir 
umgekehrt auch Angiospermen kennen, denen sie fehlen. Auch da ist also eine 
absolute Trennung ohne Kenntnis weiterer Merkmale undurchfiihrbar. 

Diese Tatsache wird in der Regel unbeachtet gelassen oder mit Stillschweigen 
iibergangen, obwohl gerade sie bei der Suche nach mesophytischen Angiospermen 
sehr bedeutsam ist. Nur wenn zu der Netzaderigkeit bezw. den Gefassen im Holz 
weitere ,, angiospermide “ Merkmale treten, wird man die Diagnose ,, Angiosperme “ 
mit Sicherheit oder zumindest grosser Wahrscheinlichkeit stellen diirfen. 

Unter diesem Gesichtspunkt seien nunmehr die von Axe_rop und anderen mit 
den Angiospermen in Verbindung gebrachten mesophytischen Reste betrachtet. Auf 
einige vollig zweifelhafte Dinge des alteren Schrifttums wird dabei nicht eingegan- 
gen. 

Palmoidopteris lapparenti Bourrau (1954, 145, Taf.) ist ein verkieselter Blattstiel 
aus dem Alb von Tunis, dessen daussere Gefassbiindel nach Verf. an die mancher 
Monokotyledonen erinnern und wie bei diesen bikollateral sein sollen, wihrend 
die inneren wie bei den Farnen gebaut sind. Bourrau sieht in dem Fossil eine Art 
Zwischen- bezw. Vorlauferform gewisser Monokotyledonen, die danach mindestens 
zum Teil von den Farnen abstammen miissten. Ich halte diese Deutung der Ausseren 
Biindel nicht fiir gesichert und den gut erhaltenen Rest fiir den Stiel eines 
Farnblattes. Auf Ahnlichkeiten zu Weichselia reticulata hat Boureau selbst bereits 
hingewiesen. 

Propalmophyllum liasinum Licnier (1895, 146, Taf. 7 Fig. 20, 21.5. 1908.1, -.auar- 
1 Fig. 1, 2, 6) ist in ,, Halbrelief “ erhalten, nach Licnrer der oberste Teil des Blatt- 
Stieles einer Facherpalme mit noch daran sitzenden Resten der Blattspreite. 
Auch Gornan & Weytanp (1954, 367) fiihren es unter den ,, Palmae“ als Sabal 
dhnlich auf, wenn es ,,auch noch unsicher erscheinen kann.“ Ich glaube, dass diese 
Zuriickhaltung noch bei weitem nicht geniigt. Gornan (in Potonié 1921, 14) hat 
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darin, mit Recht, wie ich meine, die Ausfiillung einer Rieselspur gesehen. Im Sand- 
watt der Nordsee kann man 4ahnliche Bildungen nicht selten beobachten. 

Sanmiguelia lewist Brown (1956, 208, Taf. 32, Taf. 33 Fig. 2; Abb. 29) aus der 
Trias von Colorado, USA, soll ebenfalls ein Palmenblatt sein. Aus seinem kurzen, 
dicken Stiel entfaltet sich eine nach Art eines jungen Facherpalmen-Blattes aus- 
gepragt langsfaltige Spreite, deren in der Mitte bis iiber 1 cm breite Teile sich nach 
oben wiederum zugespitzt zusammenschliessen. Zahlreiche parallele Nerven sind 
vorhanden, die Lange des Blattes diirfte 30 cm iiberschritten haben. Aber weder 
seine Gestalt noch die Art des Uberganges in den Stiel ist palmenartig, beide 
erinnern vielmehr an gewisse Ginkgophyten. Freilich ist Sanmiguelia erheblich 
grosser als andere mesophytische Ginkgoaceen-Blaitter. Aber diese bieten uns schon 
jetzt so verschiedene Gestalten, dass die Méglichkeit, auch Sanmiguelia gehore 
hierher, nicht von der Hand zu weisen ist. Die Epidermis, deren Bau das sicher 
aufklaren kénnte, ist nicht erhalten. 

Weitere des Erwahnens werte, Monokotyledonen dahnliche Reste liegen nicht 
vor. Die von Gross (1955, 55) mit Potamogeton verglichenen Blatter gehéren nach 
Kuxun (1955 a, 497) vermutlich zu Cycadeen. 

Furcula granulifera Harris (1932, 4, Taf. 4 Fig. 1-7; Abb. 1, 2) umfasst 
langlichschmale Blatter aus dem Rhat-Lias Ostgrénlands. Meist sind sie gegabelt, 
besitzen einen geraden Mittelnerv, von diesem +senkrecht abgehende Seitennerven 
und blind in den Maschen endende Nerven letzter Ordnung. An den schlecht 
erhaitenen Spalt6ffnungen sieht man eigentlich nur die Nachbarzellen mit nach 
innen vorspringenden Papillen, wie sie vielen mesophytischen Gymnospermen zu 
eigen sind. Axerrop (1952, 30) bringt Furcula in die Nahe von Sterculia, was vollig 
abwegig ist. Eher kamen gewisse Farne in Betracht. 

Ungeria solnhofensis Sarrerp (1908, 385, Abb. 1) aus dem Jura von Solnhofen 
wird von AxeLrop mit Rhus verglichen, ist aber in Wirklichkeit das vO6llig unbe- 
stimmbare Bruchstuck eines gefiederten Blattes, dessen feinere Nervatur nicht erhal- 
ten ist. Nichts daran weist auf Dikotyledonen. Will man iiberhaupt eine Vermutung 
aussprechen, so kimen nur gewisse Farne in Frage. Auf solche weist ja bereits 
Sartretp hin. Besonders sei Bernoullia Herr aus dem Keuper genannt (Heer 1887, 88, 
Taf. 38 Fig. 1-8; Leuvruarpvr 1904, 152, 38, Taf. 19 Fig. 1-4, Taf. 15 Fig. 3, Taf. 20 
Fig. 1,2). Schlecht erhaltene Stiicke davon sehen durchaus wie Ungeria aus. 

Phyliites sp. Szewarp (1904, 125, Taf. 11 Fig. 5, 6) umfasst zwei spitz-ovale 
kleine Blattabdriicke aus dem mittleren Jura Englands mit geradem Haupt- und 
grundstindigen Seitennerven. Der Nervenverlauf ist also + handférmig. Die feinere 
Nervatur ist nicht erhalten. Sewarp warnt davor, solche Abdriicke als dikotyl zu 
deuten, wahrend sie Axerrop mit Cercidiphyllum vergleicht. Mich erinnern sie an 
manche als Hausmannia zu den Dipteraceen gestellte netznervige Blatter. Man 
betrachte etwa Taf. 7 bei Ricutrer (1907), besonders H. forchhammeri Bartuo.in 
aus dem Jura Bornholms. Sewarpv erwahnt noch einige altere Angaben uber 4dhnli- 
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che Blatter, betont dabei aber, sie seien ,, at all events valueless as evidence in support 
of the existence of Liassic Angiosperms“. Das trifft den Nagel auf den Kopf, auch, 
wenn sie neuerdings als angebliche Angiospermen wieder ausgegraben worden sind ; 
Srwarv’s allgemeine Bemerkungen zu unserem Thema sind also auch heute noch 
nicht veraltet.». 

Sassendorffia benkerti Kuun (1955a, 495, Abb.; 1955 b, 164; 1955c, 56; 1955 d, 802, 
Abb.), der jiingste Fund eines zu den Dikotyledonen gestellten Abdruckes zeigt ein 
etwa fiinf cm langes, langlich-ovales, oben zugespitztes Blatt mit dickem, geraden 
Hauptnerven und entfernt stehenden Seitennerven; von der feineren Nervatur ist 
nichts zu sehen. Die ,, Diagnose “ der ,, neuen Gattung “—eine solche soll ja bekanntlich 
die Unterschiede gegeniiber alteren Gattungen hervorheben—ist denn auch so nichts- 
sagend, dass darunter eine Unzahl ahnlicher jiingerer Blatter fallen wiirden. Eine 
Bezeichnungsweise, wie sie Sewarp gebraucht hat, ware auch in diesem Falle den 
Gegebenheiten allein gerecht geworden. Leider ist eine Nachpriifung des Fossils nicht 
mehr méglich. Kunn entdeckte es in einer Privatsammlung, wo es zusammen mit 
zahlreichen Resten einer typischen Juraflora aus einem Steinbruch im Lias a@ lag; 
im Gegensatz zu jenen ist es auf der Halde gefunden worden. MAcperrau, der eine 
Bearbeitung der Flora plante, musste von der beabsichtigten Gesteins-Vergleichung 
abstehen, weil das Stiick inzwischen verloren gegangen war. So lasst sich seine 
wahre Natur nicht mehr feststellen; es gilt auch hier das gleiche wie in den schon 
behandelten Fallen. 

Montsechia vidali (Zettter) Terxerra (1954, 144, Taf. 1-4) ist zuerst von Zer- 
LER aus dem lithographischen Schiefer Spaniens beschrieben und mit dem kre- 
tazischen Pseudoasterophyllites FristmanteL vereinigt worden. Terrxerra halt es 
nicht fiir eine Artikulate, und nach seinen Abbildungen (z. B. Taf. 4 Fig. 1,1 b) ist er 
damit auch im Recht. Er vermutet darin eine Wasserpflanze, deren Morphologie 
,,rappelle celle des plantes supérieures, je dirai méme de quelques Angiospermes, 
comme certains especes de Myriophyllum. Ausdriicklich sei aber bemerkt, dass auch 
er den Beweis der Angiospermen-Natur noch nicht fiir erbracht ansieht. Tatsachlich 
konnte man ebensogut an eine Konifere mit sehr kleinen Nadeln oder gar an eine 
Ginkgophyte denken. 

Montsechites ferrert Trtxerra (1954, 146, Taf. 5, 6, Taf. 7, Fig. 4) kommt mit 
der vorigen zusammen vor. Es besitzt sehr schmale Achsen, deren spreitenlosen 
Seitenorgane sich wiederholt aufteilen und mit den Blattern des Wasser-Ranunculus 
verglichen werden, wahrend dickere, in ihren Achseln sitzende Gebilde Knospen 
sein sollen. Ohne Zweifel liegt eine recht eigenartige Pflanze vor, doch will mir 
scheinen, dass die ,, Blatter “ vielleicht Verzweigungen anderer Art sind. Ich kénnte 


1) “Species quoted by writers as evidence bearing on questions connected with the. phylogeny 
of flowering plants have in many cases been determined by authors whose lack of botan- 


ical knowledge render their records of doubtfull value, if not positively misleading and per- 
nicious. ” 
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mir sehr gut vorstellen, dass eine Alge vorliegt. 

Suevioxylon zonatum Krauser (1928, 250, Abb. 5-8) ist ein Holz aus dem 
Braunjura Stiddeutschlands von sehr schlechter Erhaltung, das aber neben Zuwachs- 
zonen Gefasse besitzt. Es war daher berechtigt, es als ,, Holz vom Angiospermentypus “ 
zu bezeichnen. Nach dem eingangs tiber Guetum usw. gesagten ist das aber nicht 
dasselbe wie eine Angiosperme. Als ich es vor fast 30 Jahren beschrieb, habe auch 
ich mich ohne Zweifel all zu sehr von seinen Gefassen beeindrucken lassen, immerhin 
jedoch bereits damals auf die Gnetales hingewiesen, deren Holz ,,nach dem 
Angiospermentypus “ gebaut ist, ohne dass sie Angiospermen sind. Es gilt hier wie 
auch sonst wohl, dass urspriinglich als méglich hingestellte Vermutungen diesen 
Charakter bei der Wanderung durch das Schrifttum verlieren und schliesslich in die 
Lehrbucher gelangen, um von da als nunmehrige ,,Tatsachen“ fréhlich weiterzu 
wandern. Um es nocheinmal zu sagen: die Angiospermen-Natur von Suevioxylon 
ist nicht sicher bewiesen. 

Sahnioxylon Bose et Sau (1954, 1;=Homoxylon Saun1) und Verwandte (Phoroxylon 
Sze 1954, Paradoxoxylon Krauser 1955, 22, Taf. 5-6) konnen zusammenfassend betra- 
chtet werden. Es sind gefésslose Hélzer, meist aus dem Jura, deren erstes von Sauni 
als Homoxylon vajmahalense aus Indien 1922 beschrieben worden ist?). Gleichen Alters 
ist Sahnioxylon andrewsii Bose et Sau und Jarmorenxo’s H. ugamikum aus Kasaki- 
stan, wadhrend sein H. uralense kretazisch ist (1939, 234). Drei weitere Arten be- 
schreibt Bourrau (1954) aus der Trias von Neu-Kaledonien und gleichen Alters sind. 
Phoroxylon scalariforme Sze (1954) sowie Paradoxopteris leuthardti Krauser. 


Saunr verglich sein Holz mit den gefésslosen Verwandten der Magnoliaceen, auch 
JARMOLENKO SChliesst sich dem an, wenn auch in dusserst vorsichtiger Weise?’, welche 
Einschrankung freilich ebensowenig wie im Falle Suevioxylon beachtet worden ist. 
Inzwischen hat sich klar gezeigt, dass nur Bennettiteen fiir einen Vergleich in Frage 
kommen, wenngleich auch da gewisse Unterschiede, z. B. die starke Entwicklung 
des Sekundarholzes vorhanden sind. 

Weder die Blattreste noch die Hélzer kénnen sonach das Vorhandensein sein 
echter Angiospermen im Mesophytikum klar erweisen. 

Nun hat aber auch die Mikro-palaobotanik Beitraige zu unserer Frage geliefert, 
die zahlreichsten wohl durch Reisstncer. Es geniigt, seine Angaben von 1952 néaher 
zu priifen, wobei zunachst wieder die Pollen ausser acht bleiben. 

Gramineae? (1952, 8, Taf. 1 Fig. 28-36). Nach Verf. ,,mag man iiber einzelne 
unter diesen Resten im Zweifel sein, aber das Gesamtbild lasst wohl keine andere 
Auffassung aufkommen: es werden gramineenartige Reste gewesen sein“. Er nennt 
Spelzen, Lodiculae, Samenknospen, Narben, Staubbeutel und Samen, diese etwa 1/10 
mm lang, ,,also gewiss wie alle diese Reste sehr klein zu nennen im Vergleich mit 


2) Der Name Homoxylon musste aufgegeben werden, da ihn Harric bereits 1848 auf ein tertia- 
res bezw. kretazisches Holz angewandt hat (vergl. KrAuseL 1919). 

3) ,—showing at the same time a certain similarity as well with Bennettitales. —Until the dis- 
covery of leaves and organs in right connection with the stems of the Homoxylon type it is 
impossible to definitely classify this genus among the true Angiosperms“. 
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rezenten Gramineen “. Von keinem dieser fragwtirdigen Gebilde verstehe ich, warum 
sie gerade mit Gramineen zu tun haben kénnten. Sie sind undeutbar. 

Bliitenteile (1952, 8, Taf. 2 Fig. 1-13, Taf. 3 Fig. 48), ebenfalls aus dem Lias 
a—. Hier sollen wir Antheren-Halften, Teile von Staubfaden oder Griffeln, einen 
,, Nabel“, Leitbiindel gekriimmter Funiculae, Samenanlagen sowie ein Bliitenblatt 
vor uns haben. Dieses ist wohl der einzige dieser Reste, der einer Deutung zugang- 
lich ist. Es soll nach dem Crassulaceen-Typus gebaute Spaltéffnungs-Apparate besit- 
zen. Davon kann jedoch keine Rede sein, vielmehr sind es typische Koniferen- 
Spaltéffnungen. Wir haben ein dreieckiges, schuppenférmiges Blattchen vor uns, wie 
es z. B. Pagiophyllum besitzt. Von den ,,bemerkenswerten Samen“ gehort der 
500 « grosse (Taf. 2 Fig. 14-16) in den Bereich der Hystrichospaeren, andere 
(Fig. 23, 24) mégen chitindse Hiillen anderer Einzeller sein. 

,» Epidermis-Zellen mit schlangenartig gewundenen Begrenzungs- 
linien“ (1952, 11, Taf. 3 Fig. 26-29) werden auf Samen bezogen. Sie tragen zum 
Teil ,,Warzen “, selten auch Spaltéffnungen. Einige mégen vielleicht (v6llig unbestimm- 
bare) Samenhdute darstellen, kénnten aber wie die iibrigen ebenso gut Blattku- 
tikeln sein. Epidermis-Zellen mit gewellten Wanden und Papillen (den ,, Warzen “) 
kennen wir von Farnen, Koniferen, Bennettiteen usw. Soweit die abgebildeten Stiicke 
keine Spaltdffnungen zeigen, besagen sie garnichts. Nur auf der ,,Gramineen- 
Samenschale “ sind solche vorhanden, aber von typischem Bennettiteenbau! Taf. 
3 Fig. 49 zeigt eine ,, Spaltéffnung ganz isoliert mitten innerhalb der Zellumgrenzung.“ 
Wenn das in der Mitte gezeichnete Loch wirklich eine Spaltéffnung darstellt, wire 
das eine Anordnung, wie sie manchen Farnen eigentiimlich ist. 

Diese Auslese mag zeigen, was man von den Deutungen Rerssrncer’s zu halten 
hat. Er bildet aus dem Lias auch Pollen von ,,Sumpfpflanzen u. a.“ ab (Taf. 3 
Fig. 1-10), die er mit Ivis, Potamogeton, Palmen, Hydrocharis und einer Reihe 
weiterer Dikotylendonen vergleicht. Soweit es sich da um Monokotyledonen handelt, 
sei auf die Feststellung eines so sachverstiindigen Beurteilers wie ErptmMan verwiesen 
(1954, 68), dass sich ihr Pollen nicht mit Sicherheit von dem mancher Gymnospermen 
unterscheiden lasst. Auch die tibrigen werden kaum beschrieben und so schlecht 
abgebildet, dass man sie besser aus dem Spiele lasst. In verstiirktem Masse gilt das 
von Rerssincrer’s Angiospermen-Resten aus Karbon und Kambrium. Weitere Pollen 
aus dem Jura sind auf Juglandaceen, Nymphaeaceen und Magnoliaceen bezogen worden, 
zuerst wohl von Simpson (1937, 637, Abb. 2a, d, e). Auch dariiber urteilt Erptman 
sehr vorsichtig, wenn er zu stinem Monosulcites magnolioides (1948, 269, Abb. 11) 
bemerkt, dass ,, pollen grains of some recent and fossil Gymnosperms exhibit many 
points of resemblance to this sporomorpha “ und weiterhin, dass die rhiitoliassischen 
tricolpaten Pollen ,,are similar to pollen grains in certain Dicotyledons of our days 
(cf. Cercidiphyllaceae, Eucommiaceae, Hamamelidaceae).—There. are 


indications 
of an occurrence of pollen grains with composite apertures in still older layers; but 
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this needs further confirmation “ (1954, 66 u. f.). Prruc (1953, 60) bezeichnet eine 
Anzahl paldophytischer Pollen und Sporen als ,, angiospermid “, ohne jedoch zu be- 
haupten, dass sie von echten Angiospermen herriihren. Sie bieten ihm die Unterlage 
fiir eine morphologische Ableitung des Angiospermen-Pollens. Dagegen lasst sich 
kaum etwas einwenden, sofern die verglichenen, einander auf den ersten Blick 
ahnlichen Strukturen wirklich homolog sind. Poronié & Erprman sind jedoch der 
Ansicht, dass diese Voraussetzung fiir die von Prruc konstruierten Reihen nicht 
gegeben ist (1954, 328). 

Wir sind am Ende unserer Betrachtung. Ganz vorsichtig urteilend, darf man 
sagen, dass auch die Pollenkunde in unserer Frage nicht wesentlicht weitergeholfen 
hat. Es hat nicht an Versuchen gefehlt, das Fehlen der a priori als vorhanden 
angenommenen mesophytischen Angiospermen zu erkléren. Reisstincer denkt sie sich 
so klein, dass sie in der Regel nicht fossil wurden. Das leuchtet ebenso wenig ein, 
wie der Gedanke, dafiir den angeblichen Mangel mesophytischer Siisswasser-Ablage- 
rungen verantwortlich zu machen (Gross 1956, 120). Die Annahme Siniesehien: sie 
hatten in fossilisationsfeindlicher Umwelt gelebt (AxeLrop, THuomson), bedeutet 
letzten Endes auch nur eine Umschreibung der Tatsache, dass wir iiber sie nichts 
wissen. Mit Dunsar (1949, 546) miissen wir noch immer sagen, dass ,, Angiosperms 
are first identified in the Lower Cretaceous“. Ihre mesophytischen Vorlaufer 
hingegen sind noch immer das wesentlichste ,, missing link “ in der Geschichte der 
Gefasspflanzen. 
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One of the basic questions concerning the mechanism of protoplasmic streaming 
is whether the motive force of the flow is located within the streaming proto- 
plasm itself or whether the driving energy is produced in the protoplasmic system 
not involved in streaming so that the moving protoplasm is driven passively. This 
is a poinf on which there is but little experimental evidence and there is a great 
divergence of opinions. 

For an experimental approach to this problem it is necessary to determine how 
the velocity of streaming is distributed in the different layers of the flow, for with- 
out knowing and analysing it a sound discussion of the subject is scarcely possible. 
As early as 1903 Ewart paid attention to this problem and presented a figure of 
velocity distribution of protoplasm and cell sap in Chara cell which shows that 
the streaming is greatest in the inner layers of the endoplasm and least at the 
interface between endoplasm and ectoplasm ; some degree of streaming is also shown 
by the cell sap in the layers adjacent to the vacuolar membrane. It was mainly 
these facts which led Ewart to believe that the energy for conducting streaming is 
developed in the endoplasm. His figure, however, does not appear to represent the 
situation of the intracellular motion exactly. 

Since Ewart’s report, there have been no experiments done along this line except 
Kamiya’s work (1950) on the Myxomycete plasmodium. Our knowledge about the 
~ velocity distribution of the protoplasmic streaming in the cell having a cell wall is 
therefore as yet extremely meager. The purpose of the present paper is to throw 
light on the problem of the location of the motive force responsible for the streaming 
by investigating the intracellular velocity distribution of protoplasm exhibiting rota 
tion—one of the most orderly in pattern of various types of protoplasmic streaming. 

In the following experiments we used cells of rhizoid, ‘leaf’, and internode of 


Nitella flexilis» as materials allof which show a vigorous and typical rotational 
streaming. 
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1) We used Nitella flexilis Agardh growing both in nature at Takarazuka near Osaka and in the 
Botanical Garden of Kyoto University. The material was identified by Professor K. Imahori 
of Kanazawa University, to whom the authors express here their appreciation. — 
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I. Velocity Distribution of Protoplasm in a Rhizoid Cell 


The rhizoid cell is especially favourable for observing the velocity distribution 
due to its comparatively thick plasmasol layer (endoplasm) as well as due to the 
lack of chloroplasts, a fact which greatly facilitates the observation. The velo- 
city of endoplasm at different layers can be determined by numerous minute granules 
with which the endoplasm is replete and which serve as index markers. As there 
are in the cell two streams occurring in the opposite directions, there exist also 
two indifferent zones between them where the flow stagnates. In order to determine 
the velocity of movement at different strata, we always placed the two indifferent 
zones in such a position that one was at the top and the other at the bottom of the cell, 
and observed the flow in the horizontal, optical section through the axis of the cell. 
By a simple microscopic observation we realize that all the endoplasmic layer moves 
together with a more or less equal rate along a very thin, almost imperceptible layer 
of cortical gel(ectoplasm). For measuring the velocity distribution at one and the same 
moment exactly, we resorted in this experiment to the cinematographic technique which 
was described by Kamiya(1950) when he applied it formerly for a similar purpose. 

Fig. 1 repre- WY 
sents one of the 
results thus ob- 
tained. Cytoplasm- 


jc granules found 30 
at a moment in 

an arbitrary trans- 99 
verse section YY’ 
were carried along 


10 
with the stream 
to the positions 
0 
shown by the open 20 10 0 10 20 : 
circles, the mean | ‘ Msec 
Y 
rate of the granu- 
. Fig. 1. Velocity distribution of the endoplasmic streaming in a 
; C, ae 
Re ie s/o rhizoid cell of Nitella flexilis. (Temp. 23°C.) A part of the 
This figure de- rhizoid cell as seen under the microscope is shown on the right. 
monstrates that w: cell wall, g: plasmagel (ectoplasm), s: plasmasol (endoplasm), 


3 ay v: vacuole. 
there is, if any, 


an only insignificant velocity gradient in the endoplasm itself. Only in the regions 
very close to the cortical gel layers, where the velocity is represented with broken 
lines, an extremely large velocity gradient is found. In other words, the plasmasol 
layer (endoplasm) is actually not streaming, but just slipping as a whole on the 
inner surface of the cortical layer. This is a fact which has not been duly expressed 
or emphasized before, but is extremely important in looking into the nature of proto- 
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plasmic streaming. : 
We could not determine the velocity distribution of the cell sap in this case, as 


there were not enough suspended particles in the vacuole. 


II. Velocity Distribution of the Protoplasm and Cell Sap in a Young Leaf Cell 


As a young ‘leaf’ cell is rich in the amount of protoplasm taking part in the 
streaming and also in suspended inclusions in the cell sap, it permits us to deter- 
mine the velocity distribution of both protoplasm and cell sap. Furthermore, the 

, situation is simpler than the grown-up internodal cells in that the course of flow 


is not spirally wound but straight. 


Y 


y Fig. 2 shows 
140 the intracellular 
motion in a cell of 

Pe thiskind. The two 
100 indifferent zones 
between the two 

80 opposing streams 
are in this case, 

. too, one at the top, 
40 and the other at 
the bottom of the 

pe cell, and the figure 
0 represents the ve- 


locity in the opti- 


26.3220 Tish 10 20 Bay, 
sec . 
cal section through 


Fig. 2. Velocity distribution of the streaming of protoplasm 
and cell sap in a young ‘leaf’ cell. (Temp. 17°C.) A part of : 
the leaf cell as seen under the microscope is shown on the From this figure 


right. w: cell wall, g: plasmagel (ectoplasm), s: plasmasol we see that the 
(endoplasm), v: vacuole. 


the central axis. 


rates of flow at 
various endoplasmic layers are again the same just as in the case of rhizoid cell in 
Fig. 1. 

The velocity of the sap, which wets the tonoplast and is carried passively by it, 
decreases inwardly until the central axis is reached where the velocity is nil. On the 
other hand the velocity gradient of the sap, which is indicated by the slope of the 
curve against the transverse section of the cell, increases inwardly until the maxi- 
mum is reached at the point of inflection found at the middle point of the vacuole. 
The velocity gradients of the cell sap in the peripheral and axial regions of the -: 
vacuole were 0.25 w/sec. and 1.0 w/sec. respectively per parallel strata 1 mw apart. 
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III. Velocity Distribution of Protoplasm in a Cell 
Having no Vacuole 


It was reported by Hayashi (1952) that in a strangulated fragment of an in- 
ternodal cell, the entire space of which is filled with the endoplasm, the protoplas- 
mic streaming still continues, though greatly restricted. 

A cell fragment completely filled 


with protoplasm was made artificially 
by combining centrifugation and sub- 
sequent ligation of the cell (Fig. 3). 
When an internodal cell (Fig. 3a) 
is centrifuged gently (1200-1500 r.p.m.) 
for 10 minutes, the greater part of the 


endoplasm is forced to the centrifugal 
end leaving the cortical gel layer be- 
hind together with the chloroplasts 
imbedded in it(Fig. 3b). The amount 
of plasmasol (endoplasm) taking part 


in streaming, which may be estima- 

ted by this method, was shown in 
terial to be about 1/5—1 f 

eo rarena® to aborted, Ape Fig. 3. The procedure for obtaining a plasm- 

the whole cell volume. If the cell is ited cell fragment, represented diagrammatically- 


left untouched, the endoplasm thus @) One end of an internodal cell of Nitella under 
3 natural condition. Chloroplasts in the cortical layer 
a sce aiotmhertelh soon are not shown. 6) One end of the cell at which 
begins to flow back spontaneously the endoplasm is accumulated under the effect of 
along the same course in the same centrifugal force. Arrow indicates the direction of 
centrifugation. c) A cell fragment produced by 
strangulation from the centrifuged cell. 


direction as before. In case the cen- 
trifugal treatment is strong enough 
as to tear off the cortical gel or to injure its structure, the cell ceases to survive. 
So far as the cortical gel layer remains intact, however, the forced accumulation of 
endoplasm at one end of the cell is by no means fatal. 

If we tie off such a centrifuged internodal cell promptly with a strip of silk 
thread near the centrifugal end of the cell before the endoplasm flows back, a cell 
fragment as long as 10 mm completely filled with plasmasol can be obtained (Fig. 
3c). The strangulated cell fragment filled with endoplasm in this manner can grow, 
if cultured properly, new vacuoles appearing sooner or later (Hayashi, 1952). As a 
tied-off fragment of the internodal cell keeps all the functions that an intact 
cell has, we shall hereafter call it simply a cell. Strangulation of N/¢fella-cell has 
been used recently for elucidating various cell-physiological problems (Sandan, 
1955; Kamiya and Kuroda, 1956; Kuroda, 1956). 

The cell which is completety filled with endoplasm and has no visible vacuole in 
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itself showed a rather vigorous streaming in our experiment. This is a fact which 
shows undoubtedly that the existence of the vacuole is not a sine qua non condition 
for the flowing of the protoplasm. Our purpose now is to determine how the velocity 
of the protoplasmic streaming is distributed in such a cell. 
An example 
5 Be a) 

of the velocity 
distribution is 
represented in | 
Fig. 4. The cell 40° 
from which Fig. 
4wasdrawnwas_ 300 
7.5mm in length 

and 0.46 mm in 200 
width. The 
measurement of 

the rate of flow we 
at different st- 


rata was done in 0 


F 60 40 20 0 20 40 60 m 
this case succes- ' Yrec 


We 
sively at differ- Fig. 4. Velocity distribution of the endoplasmic streaming in 
ent time using a cell, the entire space of which is filled artificially with endo- 


plasm. (Temp. 28°C.) A part of the cell as seen under the micro- 
scope is shown on the right. w: cell wall, g: plasmagel (ectoplasm) 
an ocular micro- in which chloroplasts are imbedded. s: plasmasol (endoplasm). 
meter. How- No vacuole is visible. The rate of protoplasmic streaming in an 
intact internodal cell was 78y./sec. at 28°C, 


a stopwatch and 


ever, the flow 
being stable and stationary, we can figure out from the values thus obtained the 
velocity distribution of the endoplasmic streaming in respect to one and the same 
moment. The figure represents the velocity of flow in the optical section through 
the axis of the cell. 

It is noticed here that the streams in the two halves of the cell space divided by 
the central plane connecting the two indifferent striations go in the opposite direc- 
tions. The two indifferent striations, which take gentle spiral courses (9° against 
the longitudinal axis) in this case, pass, one on the top, and the other at the bottom 
of the cell in the transverse section YY’. In the optical section, in which the velocity 
at different strata was measured, the endoplasm flows either upward or down- 
ward one or the other side making an angle of 9° with the optical section: 
Therefore the actual velocity must be the value of the measured velocity multi- 
plied by 1/cos 9°. This is, however, regarded as being equal to the measured 
velocity itself, since 1/cos 9° is 1.01. The rate of flow is shown‘in the figure to be 
greatest in the peripheral layer and becomes gradually less as the central axis is 
approached. The inclination of the curve against the transverse plane YY’ is stee« 
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per in the central region of the cell than in the neighbourhood of the peripheries. 
Thus the curve takes a sigmoid shape with the point of inflexion at the ee of the 
cell. Here the velocity gradient of the endoplasmic flow in the peripheral region of 
the cell is 0.1/sec. and that in the middle region of the cell is 0.6 «/sec. per paral- 
lel strata 1 mw apart. 

In the layers adjacent to the interface between sol and gel, the curve is repre- 
sented with broken lines as was also the case in the foregoing. This is because the 
velocity gradient at these regions is so great, that the exact determination of the 
shape of velocity distribution is impracticable. As shown in the figure, the rate of 
endoplasmic flow is greater the nearer the periphery is, but it appears that the 
greatest velocity near the periphery suddenly drops to zero as the cortical gel is 
reached. The velocity curve is therefore almost discontinuous at both ends near 
the peripheries. 

All in all it is clear enough, as is also the case in Figs. 1 and 2, that the velo- 
city gradient is enormously high in the interfacial zone between the cortical gel 
layer and the outermost endoplasm. Not only that, but we also become aware that 
the sigmoid type velocity distribution of the endoplasm shown in Fig. 4 is very si- 
milar in form to that of the cell sap in Fig. 2. This is a point which has an im- 
portant bearing to the mechanism of cyclosis and will be considered more fully in 
the following. 


IV. Model Experiment 


In order to demonstrate that the sigmoid type velocity distribution is a neces- 
sary consequence of the inner fluid flowing passively when two equal halves of the 
peripheral zone facing each other in a circular tube are shifted in parallel in the oppo- 
site directions, a simple model experiment was attempted instead of trying a tedi- 
ous mathematical treatment. This kind of model experiment is straight-forward 
and illuminating in understanding the meaning of the shape of velocity distribution 
obtained above, and is sufficient for our present purpose. 

For conducting the experiment, we prepared a circular, transparent tube made 
of methyl methacrylate having a bore of 19mm which was cut longitudinally into 
equal halves having a semi-cylindrical wall. These walls were brought face to face 
nto a guiding frame so that a complete tube was formed. The construction of the 
frame is such that it is provided with two projected rails so that the upper and 
lower semi-cylindrical walls can slide smoothly along them (Fig. 5d). 

As a substance to be filled in the tube we found margarine for kitchen use 
to be best suited for our purpose of observing how far the inner fluid material 
travels, when the two opposite walls slide against each other. In practice, the right 
half of the tube was filled with plain margarine and the left half with margarine 
that was stained red with carmine, and the whole setup was kept at 33°C. so that 
the entire content became sufficiently fluid; the boundary between plain and red 
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margarine, however, 
must be left flat and 
perpendicular to the 
axis. The next step 
was to. slide the 
two semi-cylindrical 
walls against each 
other in opposite di- 


rections for a defi- 


“ nite distance, d, al- 

ways keeping them 

(a) (b) tightly on the guid- 

Fig. 5. Model experiment for showing the distribution of ing rails of the 

a fluid material in a tube when the two equal halves of the frame. Then the set- 
tube were made to shift longitudinally against each other. ‘s Z 

a) The longitudinal section of the tube after the upper and up filled with mar- 

lower walls were moved from YY’ line to Yg and Y’q respec- garine was brought 

tively. The space represented by solid circles is filled with into a refrigerator 

margarine stained with carmine and that represented by open aeAy! . 

circles With plain margarine. b) The cross'section of the tube and kept in it until 

consisting of two sliding semi-cylindrical walls which are placed their content got 

face to face in the guiding frame on two projecting rails. sufficiently hard. We 


For further explanations, see text. 
P x are thus ready to 


remove the walls and cut the cylindrical margarine longitudinally through the 
median plane ZZ’ (Fig. 5b), which is perpendicular to the sliding plane. How 
this section looks like is shown in Fig. 5a. and Fig. 6. 
The similarity of the shape of the ...... 

boundary thus obtained in this model a 

to the form of velocity distribution of Sy 
the cell sap (Fig. 2) as well as to that 
of the protoplasmic flow in a plasm- 
filled cell (Fig. 4) is striking. The 
shape of these curves may of course 
not be exactly the same, because the 
rheological properties, as expressed by 


flow-pressure diagram (i.e., velocity 
gradient—shearing force diagram), of 


Fig. 6. Deformation of the boundary be- 
the endoplasm, cell sap, and warm _ tween red and yellow margarine after the upper 


liquid margarine may not be identical. and lower walls of the tube (removed before 


the section Was made) were shifted against 
Nevertheless, the fact that the Proto- gach other. This shows the longitudinal sec- 


pinsm om a vacuole-free cell streams tion through the median plane ZZ’ shown in 
with an intracellular velocity distribu. Fig. 5 6. The boundary was originally flat 
tion which has the same general pat- and perpendicular to the longitudinal axis. 
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tern as that of the deformation curve obtained in the above experiment, or that 
of the velocity distribution of the cell sap, has a significant implication, namely that 
the endoplasm moves just like an inert liquid finding itself between two semi- 
cylindrical walls that are made to slide against each other in the longitudinal di- 
rection. This suggests that the endoplasmic flow in Fig. 4. is induced passively. 
What induces the endoplsm to stream, then, must be the force generated at the 
interface between plasmasol and plasmagel. 


Considerations 


It was shown in the foregoing observation that in a rhizoid cell as well as in 
a ‘leaf’ cell under natural state, the plamasol (endoplasm) at different layers moves 
with a nearly equal rate. In other words, there is only a negligible velocity gradient 
within the moving endoplasmic layer. The movement of endoplasm ,in one direc- 
tion takes place along the ectoplasmic wall, the cross section of which is semi- 
circular. The two borders existing between the opposing streams form indifferent 
zones, which are rather narrow. As the tonoplast is carried with the plasmasol, 
the direction of its movement across the vacuole is opposite to each other. The 
cell sap in the vacuole is therefore necessarily subjected to the shearing force 
between the opposing streams of endoplasm. Hence the situation in the cell sap 
in the vacuole is comparable, in respect to velocity gradient, to that of the fluid 
filled in a tube consisting of two sliding walls described above. No wonder that 
the velocity distribution of the cell sap (Fig. 2) and the shape of the boundary shown 
in Fig. 6 are very similar to each other. 

It is, on the other hand, worth noticing, that the form of velocity distribution 
of the endoplasm shown in Fig. 4 is also identical:inzits basic character to that of 
the cell sap or of the fluid (warm margarine!) in the sliding wall system. This 
fact provides a ground for us to conjecture that the endoplasmic motion is also 
passively caused and the region which plays an active part in driving the endoplasm 
is located at the boundary between the cortical gel and the endoplasm where the 
velocity gradient is enormously high. 

The fact that the velocity gradient is negligible within the flowing layer of endo- 
plasm in a cell having a large central vacuole is to be understood as being due to 
the situation that the endoplasm is considerably higher in viscosity than the cell 
sap. Therefore the absence of the velocity gradient in this case is a further con- 
firmation of the inference that the plasmasol (endoplasm) is inert and it alone can 
take no active part in the streaming. 

Thus all the data obtained by us positively support the view that the active 
driving mechanism functions only at the boundary zone between plasmasol and 
plasmasgel. All other portions of the endoplasm, at least in the case of Nitella cell, 
appears to be passive in respect to movement. 

The fact that, when the plasmagel layer is injured locally, the endoplasmic 
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flow no longer occurs on the very spot but goes around it also shows that the special 
organization in the plasmagel layer is essential for maintaining the protoplasmic 
streaming (Linsbauer, 1929). 

That the plasmasol alone is unable to flow actively is also to be shown by the 
experiment of isolated naked plasmasol drops from the internodal cell of Niétella. 
By means of a special method of amputation applying a negative hydrostatic pres- 
sure to the cell (Kamiya and Kuroda, unpublished), we obtained with least injury 
very large protoplasmic drops (more than 200 » in diameter) which can survive 
more than 50 hours in an artificial medium. What we should like to mention here 
about these isolated protoplasmic drops which came from the plasmasol part (endo- 
plasm) of the cell, is that they no longer show any rotational streaming as was 
observed when it was in the cell. This is comprehensible if we consider it as being 
due to the fact that there is no organized cortical gel layer in these extracellular 
endoplasmic drops. It is, however, striking enough that a few chloroplasts, which 
were probably suspended freely in the endoplasm before the cell was cut, show a 
vigorous rotation each around its own axis. Such a revolving motion of the indivi- 
dual plastids continues usually several hours, sometimes even 2 days. Again, this 
phenomenon is interpreted neatly as representing the interfacial phenomena between 
sol and gel. Plasmagel in this case is freely suspended in the endoplasmic drop and 
consequently what can occur as a result of shearing force acting at the surface of 
the gel particles (chloroplasts) is not the mass streaming of the sol phase but the 
individual revolving motion of the gel particles. As a matter of fact a minute, but 
rapid streaming in the opposite direction is perceptible by a careful observation 
in the immediate proximity of the surface of the rotating plastids as was also pointed 
out by Valkanov (1934) in connection with his obserbation of the revolving motion 
of the nucleus. 

The above facts are further in conformity with the conclusion that the inter- 
action of organized gel surface and sol phase produces the shearing force which 
‘brings about the interfacial slippage. 

The generality of the conclusion obtained by us in Niéfella-cells is naturally to 
e checked in other protoplasmic systems. In the case of Myxomycete plasmodium, 
Kamiya (1950) pointed out that the velocity distribution of protoplasm when it 
flows in the capillary tube of its own is extremely similar to that of a non-New- 
tonian liquid transpiring through a rigid circular tube. Furthermore, the endoplas- 
mic flow caused solely artificially in the double-chambar under a pressure difference, 
gives also a figure of extrusion identical with that of the spontaneous natural flow. 
This fact undoubtedly indicates that the normal flow o protoplasm in the capillary 
tube of the plasmodium under natural condition is caused by a local difference in 
pressure established in the same protoplasmic system. The problem concerning he 
mechanism of the protoplasmic streaming in the slime mould is, herefore, substitu- 
ted for the problem as to how a local difference in pressure is established in a proto- 
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plasmic system. What comes into focus concerning the rotational movement in 
Nitella, on the other hand, is the mechanism causing the slippage between the sol- 
gel interface. ; 

The velocity distribution in the form of a flat-headed parabola, as seen in the 
intracapillary flow of the endoplasm of the Myxomycete plasmodium (Kamiya, 1950), 
and the velocity distribution appearing in a sigmoid form, as seen in a plasm-filled 
Nitella cell in Fig. 4, are the same in nature in that they are both passive. Their 
forms are merely rendered different by the fact that in the former there is a pres- 
sure differenece between the anterior and the posterior parts of the tube whereas in 
the latter the endoplasm finds itself between two semicylindrical surfaces that are 
made to move in the opposite directions. 

The generation of pressure difference occurring locally in a continuous proto- 
plasmic system, as seen in a slime mould, and the generation of a force that brings 
about a slippage in the interface region between sol and gel layers, as seen in 
rotational streaming, both belong phenomenologically to the category of “ protoplasm- 
ic streaming” in as much as they equally bring about streaming. It remains, 
however, a question how far they have a common basis in respect to their mecha- 
nism. It is expected that sometime in the future they will be included in one the- 
oretical system. Though we are really seeking for such a unified picture of move- 
ment in protoplasm, it seems at present that there are not enough experimental 
support warranting sucha speculation. It must be said that we are yet in a stage 
where we have to investigate each phenomenon separately without any preconceived 


ideas. 


Summary 


1) The intracellular velocity distribution of the rotational streaming was deter- 


mined in cells of rhizoid, ‘leaf’ and internode of Nitella flexilis. 


2) In the cells havig a central vacuole, the plasmasol (endoplasm) at different 
layers flows with a nearly equal rate giving rise to an only insignificant velocity 
gradient inside. Only in the very narrow interfacial region between sol and gel 
layers there is an enormous velocity gradient. 


3) In the cell, the whole space of which is filled artificially with endoplasm, the 
streaming of.endoplasm occurs with a velocity distribution which coincides with 
that we would expect the endoplasm to assume when it is moved passively between 
two semicylindrical walls which shift in the opposite directions. 


4) On the basis of analysis of the intracellular velocity distribution with the 
aid of a model experiment it was concluded that the flow of endoplasm is passive ; 
the mechanism which drives endoplasm actively resides in the interfacial region 
between plasmasol (endoplasm) and plasmagel Cectoplasm). 
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Anatomical Studies on the Vascular System of 
Mirabilis Jalapa L. 
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The peculiar feature of the vascular system in the stem of some nyctaginaceous 
plants and of the allied families has been recorded by many writers. It consists in 
the existence of the medullary bundles and in the thickening growth by the for- 
mation of the conjunctive tissue. According to de Bary (1877), in Mirabilis Jalapa 
and M. longiflora, only the separate and the fused leaf-trace bundles form the 
primary and medullary system; other bundles found external to it are produced by 
the extrafascicular cambium with their surrounding parenchyma cells, though they 
are apparently medullary, being imbedded in the tissue similar to the pith. Wilson 
(1924) has given a special remark on this point that in many species of the Ama- 
ranthaceae and Chenopodiaceae, the first-formed elements of the conjunctive tissue 
look like primary cells, so giving an appearance of the medullary bundles to those 
which are peripheral in reality. Contrary to de Bary, Maheshwari (1930), working 
on the ontogeny of the stem in Boerhaavia diffusa, has reported the presence of the 
primary bundles in the stelar periphery, and he has also insisted that the conjunc- 
tive tissue is not produced by the extrafascicular, but by the normal interfascicular 
cambium. The formation of the conjunctive tissue by the activity of the extra- 
fascicular cambium which arises in the peircycle is, however, accepted by many 
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investigators (de Bary, 1877; Fron, 1899; Solereder, 1908; Artchwager, 1920; Wilson, 
1924; Eames and Mac-Daniels, 1946). The present writer (1956a) has pointed out 
the similarity of the longitudinal course of the main leaf-trace bundles of Achyran- 
thes japonica with that cf Mirabilis described by de Bary (1877), and he (1956b). 
has also suggested that in Mirabilis all the bundles in the stelar parenchyma are 
probably of the primary nature, basing on his studies on some species of Amaran- 
thus and Celosia. The present work concerns the course and the development of 
the primary vascular bundles of M. Jalapa for the purpose to interpret the organi- 
zation of the primary vascular system. The origin of the conjunctive tissue is not 
considered at present. 

Methods All the materials were fixed in formalin-acetic-alcohol; imbedded in 
paraffin by the usual method; cut transversely at 8-12 mu; stained in safranin, 
Heidenhain’s haematoxylin and fast green. For the ontogenetical study various cor- 
responding levels of several apical internodes in various developmental stages were 
compared. The more aged nodal regions bearing the axillary branches with fully 
developed primary tissues were studied to trace the vascular course. To avoid the 
intricacy caused by the numerous peripheral bundles in such materials, and to follow 
the course of the inner bundles exactly, the younger nodes were examined. 

The arrangement and the course of bundles In a transverse section of an 
internode in which the primary development is just completed, the central cylinder 
is clearly defined, being bordered by the pericycle (Figs. 1, 5). It contrasts finely 
with the large-celled cortex by its narrow and slender cells, but it merges inward 
into the pith parenchyma, so that the exact thickeness of the tissue can not be 
determined (Fig. 5 per). The leaves are opposite. According to the phyllotaxis, 
the regular arrangement of bundles is turned at right angles in each successive 
internode. The bundles are arranged in three concentric rings. The inner ring 
consists of eight bundles, namely a pair of opposite trifascicular leaf-traces (Fig. 1 
L-M-L) and two larger ones (C) alternate with the former. The latter is the 
cauline bundles as will be explained later. The cauline bundles bifurcate at the 
base of the internode; each of the bifurcations fuses the adjoining lateral leaf-trace 
bundle. The bundles of the leaf-trace descend an internode side by side without 
any branching or fusion till they reach the node below. Here the median bundle 
unites both lateral ones which have just united the bifurcation of the cauline bundle. 
The fused bundle then passes down into the next internode, where it is the cauline 
bundle. 

The second and the third vascular rings are easily discernible in the near of 
the nodal region, but in the middle of the internode they lie close to each other 
and the bundles are arranged irregularly to a certain degree (Fig. 1). The bundles 
in the inner two rings of the axillary branch become arranged in a single ring just 
before they insert. Upon entering the axis, the ring is dissected into two opposite 
groups. Each of them passes by the fused bundle just formed at the concerning 
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Fig. 1. The arrangement of the primary vascular bundles in the stem, a diagrammatic 
representation; broken line indicates the margin of the stele. L, M, l, lateral and median 
main, and intermediary leaf-trace bundles: C, cauline bundles; 6, branch trace bundles; 
bundles drawn in solid black are the peripheral ones. x15. Figs. 2-4. Transverse sections 
through three successive apical internodes, showing stages of the differentiation. Fig. 2. 
Internode below the highest node. The pith is vacuolated (left). 350. Fig. 3. Internode 
next to that shown in Fig. 2, showing the tangential divisions in the tissue external to the 
cauline bundle (C), x350..Fig. 4. The next lower internode, showing the stage of the 
differentiation of the cortex. x 220. Fig. 5. Periphery of the central cylinder with well-defined 


percycle. x200. Notations of bundles in these four figures are as in fig. 1, cor, cortex: 
per, pericycle. 
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node, and then coalescens with the corresponding one from the opposite branch be- 
hind each cauline bundle, giving rise to the branch-trace bundle (Fig. 1 6). Then 
leaf-trace insertion follows. The leaf-trace has four small intermediary bundles 
besides three main ones. At the insertion the intermediary bundles are left behind, 
and arranged in an arc outside of the main leaf-trace bundles (Fig. 1 J), forming 
the second ring between the inner and the peripheral ones with the branch-trace 
bundles. 

The bundles in the second ring descend an internode, then they make a intricated 
vascular complex at the lower node, variously splitting and fusing with one 
another and also with the bundles of the outermost vascular ring. It was hardly 
possible to trace individual courses with certainty. Notwithstanding, it has been 
found that the bundles in the outermost ring of the next lower internode arise from 
this vascular complex. The bundles of the outermost ring of the lateral branches 
join the vascular ring of the same kind in the main axis. 

All the bundles of the second ring (Fig. 5 1) are separated from the pericycle 
by at least one or two cells, which are more alike to the typical medullary cells in 
their shape than to those of the pericycle. Hence the second ring is to be consi- 
dered as a part of the medullary system. Consequnently it is very natural to con- 
clude that the bundles in the second ring are of the primary development. As for 
the bundles of the third ring, some are in direct contact with the pericycle, others 
are separated by a few cells from it. The intervening cells are intermediate bet- 
ween the typical pericyclic and the medullary cells. Such a condition has been 
found in the peripheral ring in Amaranthus (Inouye, 1956b). It must be remarked 
that in these bundles the annular or spiral vessels are confirmed. This shows that 
they are of the primary nature as medullary bundles are. 

Ontogeny of the bundles In the shoot apex, nearly at the same level-of the 
differentiation of the pith, there appear two procambia as small groups of highly 
protoplasmic cells. They are the median main leaf-trace bundles of the differentia- 
ting primodia at the top of the internode. As the differentiation proceeds, the pith 
grows wider by the enlargement and variously directed divisions of its cells. The 
cells exterior to the procambia (Fig. 2 M) begin to vacuolate and increase their 
number in radial direction by their tangential divisions leaving a zone of protoplas- 
mic cells between the pith and the external tissue. The lateral main leaf-trace 
bundles (Fig. 3 L) differentiate a little later in this protoplasmic zone. Before the 
further differentiation begins, the lower node develops. 

In the internode next below all of the eight bundles of the inner medullary ring 
are developed. Among them, however, the cauline bundles appear later than 
others, and often very poorly defined in younger materials (Fig.3C). In the tissue 
outside the cauline bundles cells are arranged somewhat radially, and many thin 
tangential walls are noticed, which indicates that they undergo prevailing periclinal 
divisions, resulting in the increment of the radial number of cells up to about ten 
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or more. Any differentiation of tissues is not remarked within this region at first. 
Later the cells in the outer layers of this region become markedly smaller than 
those of the inner region probably by the radial divisions. This region is the cortex 
(Fig. 4 cor). In contrast with this, the tangential divisions continue in the inner 
layers, so as to produce the the outer part of the pith external to the cauline bund- 
les. At this time an ambiguous tangential row of cells appears just outside the 
leaf-trace. This is the limitting layer of the central cylinder from the cortex, and 
the tangential divisions of its cells give rise to the outer part of the pith behind 
the leaf-trace. 

While the primary thickening growth of the pith goes on, the inner region 
gradually loses its radial arrangement of cells, assuming the feature of the pith on 
one hand (Figs. 4, 5), and on the other, in the outer region cell divisions continue, 
when the procambia of the second medullary ring are layed down in this region 
(Fig. 4 1). They become separated from the border of the stele by further thicken- 
ing growth of the latter, while the procambia of the third ring are produced in the 
same way as those of the second ring (Fig. 5 p). When the primary thickening of 
the stele is settled, the cells of its periphery are more or less distinct from those 
of the cortex and of the pith by the small diameter and slender shape (Fig. 5 per). 
The zone of such cells is the pericycle. At places narrow cells are clustered in 
groups of considerable size in the pericyclic zone. They develop into the bundles 
which are in contact with the pericycle (Fig. 5 p’). 

The extrafascicular cambium arises in the outermost cell layer of the pericycle. 
It is connected laterally with the intrafascicular cambium of such bundles in the 
peripheral ring that lie close to it. Where the extrafascicular cambium passes out- 
side such bundles, it begins to function after that the intrafascicular cambium has 
produced a little amount of the secondary tissue, and its activity has ceased. So 
that such bundles become half imbedded in the conjunctive tissue, which has pro- 
bably caused the misinterpetation that they are of the secondary nature. 

Discussion: The writer (1956a) has brought forward a suppositional original 
plan, from which the vascular system of the amaranthaceous plants with opposite 
leaves might have been derived, such as the species of Achyranthes, Iresine and 
Gomphrena, and he (1956b) has shown that such plants with alternate leaves as 
Amaranthus and Celosia have the vascular system which can be explained as a 
derivative of the original plan. From the viewpoint of the vascular course, a re- 
markable resemblance is noticed in the organization of the vascular system of M. 
Jalapa and of species of the Amaranthaceae. The behaviour of the cualine bundles in 
M. Jalapa is all the same with that of the medullary bundles of Achyranthes japonica, 
provided that they are arranged in the same ring with the main leaf-trace bundles 
in the former. It must be remarked, however, that they are situated a little inner 
to the main leaf-trace bundle, which can be interpreted as an expression of the 
tendency of such bundles to be arranged in an distinctive inner ring. On the other 
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hand, in species of Amaranthus and Celosia cauline bundles form the inner medul- 
lary ring with the main leaf-trace bundles as in M. Jalapa. Considering the facts 
mentioned above, it is concluded that the organization of the vascular system of 
M. Jalapa is derived from the original plan proposed for the explanation of the 
vascular system of the Amaranthaceae. 

As for the ontogeny of the bundles, the procambia of all the bundles in concern 
appear in the periphery of the growing central cylinder before the pericycle is diffe- 
rentiated ; in other words, simultaneously with the primary thickening growth of 
the pith. The same has been found also in some species of Amaranthus and Celosia 
(Inouye, 1956b), and in Boerhavia diffusa (Maheshwari, 1930). Both of these 
writers have considered them as the primary bundles contrary to the widely accepted 
view that they differentiate in the inner part of the conjunctive tissue. The fact 
that even the bundles of the peripheral ring have spiral or annular vessel elements 
will support this interpretation. 


Summary 


In M. Jalapa all the bundles situated internal to the conjunctive tissue are of 
the primary nature. They are arranged in two medullary and a peripheral vascular 
rings. The inner medullary ring is composed of the main leaf-trace and cauline 
bundles; the next one, of the intermediary leaf-trace bundles. The peripheral ring 
consists of the lower continuations of the bundles of the outer medullary ring. 
Such an organization of the vascular system as this is all the same with that of 
Amaranthus, and can be derived from the suppositional original plan which have 
been brought forward by the writer (1956a) to explain the vascular system of the 
amaranthaceous plants. The course of individual bundles is all the same with that 
of Achyranthes japonica as a whole. 

The vascular course and the ontogeny show that even the peripheral bundles 
are primary, as it has been shown by Maheshwari (1930) in Boerhaavia diffusa and 
by the writer (1956b) in Amaranthus and in Celosia. 
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The development of resistance to toxic agents in microbes makes an interesting 
and important problem from various points of view.) In this concern, yeast 
makes an object of special interest, since the method of genetic analysis is available 
in this organism. The large size of yeast cells makes microscopic observations 
easy. Although the cluster formation of cells furnishes certain inconveniences in 
some experiments, a colony grown from a parent-daughter cluster is genetically 
equivalent to that grown from a single cell. 

The results of experiments carried out to disclose the origin of copper resistant 
cells are reported in this paper. 


Material and Method 


Saccharomyces ellipsoideus strain K was used as the parent strain. The sub- 
strain obtained by training the parent strain with the standard medium to which 
CuSO, was added (final concentration: 1 mM) was denoted as Ry. The Ry sub- 
cultured in the medium without copper was designated as Ryo). When cells of 
either Rj, or Rio) were plated on the standard agar medium containing 1 to 2 mM 
of copper, they grew into round and smooth brown colonies. Let this type of colony 
be called the Rjp-type. On the same copper plate, cells of the parent strain grew 
into colonies with rugged outlines and surfaces. 

The composition of the standard medium, called MH, was KH2PO, 5g, MgSO,;-7 
aq. 2g, peptone 5g, cane sugar 100g, water 1/, wort(Bé. 8) 360 ml. For the 
copper medium, a measured volume of sterilized CuSO, solution was mixed with a 
measured volume of MH at room temperature, or, in the case of the agar medium, 
at 45° C before solidification. 

Results 

Observation by plating 

Cells were suspended in MH agar at 45° C and a measured volume of this cell 
Suspension was mixed with a small volume of sterilized CuSO, solution, and aliquots 
of the mixture were poured into Petri dishes. Thus a series of plates of graded 
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copper concentrations, including those without copper, were prepared from a cell 
suspension. For plating the parent strain and Ryo), 48-hour cultures were used. 
The culture of about 60 hours of age was used for Ry, since the growth was a little 
slow in the copper medium. 

The survival ratio, namely the ratio of the number of visible colonies appearing 
in the copper plate, to that in the control plate, was , 
calculated. The survival value of a given type of 


cells in a given copper-concentration varied rather 


largely from one experiment to another. Figure 1 was g2 
prepared by using the averages of such values, in “ 
order to obtain a general picture of copper resistance : 4 
of the three types of cells. B 
The comparison of curves for Ryyvo) and Ry in the Ss 6 
| 


figure shows that the copper-trained substrain, Ry, re- 
tained the acquired resistance even after it was subcul- 
tured in absence of copper. This usually holds true 
even for ten or more passages through the normal me- 


Copper conc., mM 


Fig. 1. Survival ratio-copper 
dium. The survival ratio of Ryo) was, however, a_ concentration relation of the 


little lower than that of Rj,:when the copper concen. Parent strain (A), Rip (B) 
tration was higher than 3 mM. It is conceivable:that aed Rico (C), 
the conversion from Rip to Ro) and the reverse may be a de-adaptation and a 
re-adaptation which occur readily. When highcopper concentrations are used, some 
cells of the de-adapted population, Ryo), might be injured before they, or their 
immediate descendants, became re-adapted, the result being a slight lowering of the 
survival ratio. 

The colonial growth was observed by surface plating. When an order of 106 
cells of the parent strain were plated on 2 mM Cu-MH agar medium, there appeared 
an order of hundred irregularly shaped colonies composed of white papillae, among 
which brown and light brown papillae were found. The distribution of the size of 
colony, as examined after one week’s incubation, ranged from the largest to those 
which were hardly visible to the naked eye. On surveying the plate surface with 
microscope, there was a continuous gradation of colonial size down to a single cell. 
Among visible colonies, there were a few large colonies carrying white, light brown 
or brown sectors. Only in rare cases the Ryp-type colony was found. This type of 
colony may have originated from a cell of Ry-type, or else from a cell of the parent- 
type if the Ry,-type cell-was formed in the clone in so early a period that cells less 
resistant than Ry, were overgrown and hence the sector was not formed. 

When parent cells were plated on the surface of copper agar, the counting of 
“visible” or “large” colonies was difficult, since the gradation of colonial size was 
continuous. However, a rough estimation was made by arbitrarily deciding the 
visible limit of colonies; According to this result, the survival ratio by the surface 
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plating method was higher than that by the pour plating method. 

It has become evident from the surface plating experiment that the number of 
colonies which appear on and in the copper-agar medium does not necessarily rep- 
resent the number of copper resistant cells which were present in the original 
culture, but represents in most, if not all, cases the number of cells which could 
survive and grow to be visible. The colonial growth seems to be accompanied by 
the appearance of cells endowed with certain degrees of resistance, brown papillae 
growing when Rj, cells were produced. 

Training culture 

One m/ of the parent strain culture in its stationary phase of growth was pipet- 
ted into 100 m/ of the normal and the 1 mM Cu-MH media, and cells were counted 
using hematimeter at intervals during incubation. Fink’s methylene blue was used to 
discriminate ‘dead ” cells. 

The growth in the normal medium proceed- 
ed as shown by the curve A, Figure 2. In the 
copper medium, on the other hand, “living” 
cells increased a little at first, and then decreas- 


co 


ed slightly until the secondary growth took 
place after 30 hours or so, as represented by the 
curve C in the figure. Yanagishima eZ al.” 
reported a similar course of growth which oc- 
curred on the copper plate, and described the 


log (Cell number/ml. culture) 


first logarithmic, the second lag, and the second 


logarithmic phases. The first logarithmic growth 


: re is My is usually smaller in the liquid medium than on 


Time, hr. 
‘ ee the surface of the plate, when the copper con- 
Fig. 2. Growth in liquid media. 


A: parent strain in MH; B: parent 
strain in 1 mM Cu-MH, total cells; The second logarithmic phase is due chiefly 


C: the same, living cells. to the growth of resistant cells, because cells 
sampled from the culture in this phase can give rise to the Ry-type colonies on the 
2 mM Cu-MH plate. Naiki et al3) found that the copper content of cells increas- 
ed daring the secondary growth, and Minagawa’ reported that the Rj-specific 
ribonucleic acid became detectable when the second logarithmic phase began. All 
these findings show that résistant cells are predominating in the second logarith- 
mic phase. 


centration is the same. 


The secondary growth in copper medium ceases at a lower cell concentration 
than that attainable by the growth in the normal medium. The medium may have 
changed so much as to stop the rapid growth, since many surviving cells of the 
parent type, too, must have continued their metabolism. When cells at the final 
stationary phase are inoculated in a fresh 1 mM Cu medium, they reach the station- 
ary population almost as high as in the curve A, although the time needed to reach 
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that level is usually a little longer than in the non-toxic medium. 

When the parent strain was inoculated in 0.2 mM Cu liquid medium, the growth 
was monophasic. The growth rate and the stationary phase level were-a little lower 
than in the normal medium. When the cells grown in this way were seeded on 
the 1.2 mM copper plate, the result differed from that by the parent strain only in 
that the relative number of very small colonies was smaller. However, no differ- 
ence was found between the two when they were plated on media of copper con- 
centrations higher than 1.5 mM. The content of 0.2 mM Cu in the medium may 
have effected only in eliminating very weak cells. 

With the 0.7 mM copper medium, the decrease of cell number in the second lag 
phase was less conspicuous than with 10 mM. The strain trained in 0.7 mM copper 
medium showed lower resistance than Rj, only when the test plate contained copper 
more concentrated than 2 mM. 

It is important to see how the nature of cells and the populational make-up 
change before the second logarithmic phase begins. One mi of the stationary phase 
culture of the parent strain was inoculated in the liquid MH medium containing 
12 mM of copper. And samples were taken from this culture at intervals to be 
seeded on 2 and 1.2 mM copper plates as well as on the control plates. 

If many of the parent cells inoculated in the copper medium should change 
gradually to Ry,-type in the second lag period, the cells sampled at a later part of 
the period would grow into Rj)-type colonies on the copper plate, with less irreg- 
ularities in the colonial form than those sampled earlier. If, on the other hand, 
the second logarithmic growth was a continuation of the growth of a small number 
of resistant cells, a number of regular Ry-type colonies would grow even from 
samples taken at early stages in the second lag phase. As mentioned in the fore- 
going section, the appearance of an Rj,-type colony may not necessarily mean that 
there had been an Rjp-type cell among the cells plated. However, since the chance 
of the parent-type cell producing an Rj-type colony is very small, the plating 
method is reasonably adoptable for the present purpose. 

A representative result is presented in Figure 3. The viable count on the con- 
trol plate decreased up to 30 hours of incubation (curve A). The cell count by 
hematimeter showed that cells had already begun increasing by this time, as was 
shown in Figure 2. The viable count was, however, much smaller than the total cell 
number at this period, because many of the new-born cells were still attached to their . . 
mother cells. The mean cell number per cell-cluster was not less than 2 at this initial 
period of the (second) logarithmic phase. ; 

The viable count on the 1.2 mM plate was always lower than that on the con- 
trol plate (curve B, Figure 3). Notwithstanding that the cells had been in the 1.2 
mM liquid medium, some of the “viable” cells failed to grow on the plate contain- 
ing the same concentration of copper. It should be mentioned here that the copper 
toxicity becomes less when agar is added to the medium, perhaps because of interac- 
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tion between copper and agar. 
The curve C, Figure 3, represents the 
change of the number of all visible colonies 


fz) 


log (Colony number/ml. sample) 
tb — 


growing on the 2 mM plate, and the curve 
D the Rj,-type colonies among them. These 
were less than one per 10° plated cells at 
the start of the training culture, and 
increased roughly at a rate of one doub- 
ling every 2 to 4 hours. On the other 
hand, the increase of the total colonies 
occurred after 15 hours. This was chiefly 
due to the increase in number of large 
irregular-shaped colonies, presumably orig- 
inating from cells with a little higher 
resistance than the majority of the parent 


o 


10 20 . 30 population. 
Time, hr. Thus it is evident that cells which are 


o 


Fig. 3. Number of colonies grown on more resistant than the majority of the 
agar plates seeded with samples from 
1.2 mM Cu-HM culture of the parent 
strain. A: On the control plate; B: on 
1.2 mM Cu plate; C:on2.0mM Cu plate; culture. However, it can not be decided 
D: Ryp-type colonies on 2.0 mM Cu plate. 


parent type survived and grew selectively 
during the second lag phase of the training 


whether the rate of increase of resistant 
cells is higher than what would be expected from the simple multiplication, because 
the colony counting method only gives the number of cell-clusters, instead of that 
of individual cells. No definite conclusion could be drawn from the above result 
as to whether resistant cells are produced from sensitive ones during the second 
lag period. 


Resistant cells in the parent strain 


An attempt was made to determine whether the parent population contained 
cells with resistance heritable to their clonal offsprings. 

The fluctuation test by Luria and Delbriick5) could not be used, because the 
variance of the colony number was too large, even among the copper plates which 
were inoculated with samples from a suspension of parent cells. } 

The results obtained with Lederberg’s replica plating method®) were not so 
clear-cut as in his own example, since the sensitive cells had a very high chance 
of producing visible colonies in the present case. Calculations were made to see if 
the number of colonies developing on identical sites on each replicate plate was 
larger than that expected on the hypothesis that every colony on the master plate 
had an equal chance of growing on the replicate copper plates. Actually it was 
a little larger than the latter. However, there might have been some colonies of 
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which more cells were printed on every replicate plate than the others, by 
chance or because their size was large. Those colonies may have had a higher 
chance of growing on all of the replicate plates. So it can not necessarily be in- 
ferred by the above result that the parent population involved resistant clones in it. 

The indirect selection method® was tried, for the purpose of selecting Ry -type 
cells from the parent culture. But repeated trials resulted in a failure. When, on 
the other hand, a number of Ryo) cells had been introduced in the parent culture, 
resistant cells could be selected by the same procedure. However, the indirect 
selection became more and more difficult as the proportion of Ryo) cells mixed in 
the parent cells was lowered. This may be due to the fact that Ry -type cells are 
overgrown by parent cells in the normal medium. Thus the negative result did 
not necessarily mean that the parent population did not involve cells which carried 
heritable resistance. 

Newcomb’s spreading experiment?) was modified as follows. Filter paper was 
impregnated with MH-agar medium. The parent cells were spread on it. After a 
suitable period of incubation one group of the filter paper was transferred on 2 
mM Cu-MH plates, the paper being inverted so as to place the micro-colonies in 
direct contact with the copper medium (the unspread plate). For preparing the 


Table 1. Resistant colonies developing from microcolonies in contact with 
copper, with and without previous respreading. 


Incubation. Chr.) | 18 | 22 | 25.5 


Cluster plated 369 369 | 726 
End No. cluster 1.5 x 107 6.9 x 107 3.7 x 108 
Factor increase 4.0 x 104 1.9105 | 5.2105 


Resisistant colonies on 


Spread plate 1255 50.5 80 
Unspread plate 8.7 18.7 44 
Ratio Spread: Unspread. 1.4 Draite 133 


sy 


spread plate, the micro-colonies on the surface of agar paper were redistributed by 
glass rod before they were brought into contact with the copper plate. After in- 
cubation, large brown colonies were counted, observed through the agar plate. 
Average counts per plate are given in Table 1. 

If the resistant colonies were of the clonal origin, the ratio “‘ spread: unspread ” 
should become larger as the growth of micro-colonies proceeds with time. But 
actually the ratio remained as low as 2. This result makes it very doubtful that 
the parent strain carries in it clones which have a higher chance of thriving in 
copper medium than other clones. It, however, was not necessarily disproved, be- 
cause resistant cells, once produced in a micro-colony, may have failed to proliferate 
competition with the parent cells. On the other hand, the fact that the ratio 
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“spread: unspread” was about 2 may be explained by supposing that the large 
brown colonies originated from the most proliferative of the plated parent cells, 
the cellular vigor (not the copper resistance in particular) being transmitted to 
daughter cells with some probability. 

Experiments so far described are concerned with the ability of cells to grow on 
the copper medium. An experiment was designed to see if the relative susceptibility 
of cells to copper in non-nutrient medium is more uniform within a clone than 
among cells of different clones. 

Parent cells were suspended in MH-agar, and this was solidified in sheets of 2mm 
thickness. When many of the dispersed cells multiplied in the agar sheets, becom- 
ing to 4- to 8-celled micro-colonies, the sheets were shaken in M/15 KH2POQ, solu- 
tions for different periods, to injure the cells to various degrees. After being 
washed with KH,PO, solution again, the agar sheets were soaked in Lindegren’s 
methylene blue solution. Stained cells were counted as dead. 

The proportion of dead cells in each sheet was determined and the number of 
micro-colonies in which the constituent cells were all dead or all living was separately 
counted. On the assumption that each. cell has an equal chance of being killed by 
copper, the probable frequencies of the totally dead and the totally alive micro-colo- 
nieswere calculated. The calculated and the observed values are given in Table 2. 


Table 2. Counts of the totally alive and totally dead colonies. 


No. of | No. of | Proportion | No. of totally No. of totally 

cells per colonies of dead | dead _ colonies alive colonies 
colony observed cells aia, Obs. Calc. Obs. 
g zs 

8 32 | 0.875 tail ih 22 0.0 0 

8 aT 0.622 | 1.4 5 ) 0.0 0 

8 42 0. 464 0.09 5 0.3 5 

4 73 0. 384 | 1.6 4 10.5 oe 

4 73 0. 187 0.09 2 32 47 

4 90 | ‘0. 150 0.04 2 47 60 


Except when no totally alive colonies were found because of heavy injury, the 
observed numbers of totally dead and totally alive colonies were a little, but with 
statistical significances, larger than the respective calculated numbers. Hence there 
is a tendency that the relative ease with which a cell is killed by copper is 
transmitted to its clone at least for two or three generations. The tendency became 
obscure when one more generation was passed, though the observed samples 
were not many. It should be noted that the number of totally dead and totally 
alive colonies was not so many as to permit the presumption that the copper- 
susceptibility is a character transmitted to descendant cells with a high probability. 

Although the growth competition between the resistant and the present-type 
cells does not come into the question in this experiment, the following should still 
be born in mind. 1) The observed cells were probably not of Rjp-type, because 
the cells of this type, even if present in the parent population, must be less than 
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1: 10°. Hence the experiment has probably dealt with the order of statistical 
variation of reistance in a simple population. 2) The ability to proliferate in the 
copper nutrient medium is not necessarily correlated with the ability of surviving 
in copper medium under the non-growing condition. 

Microscopic tracing of clonal growth 

When cells of the parent strain are spread on the 1.2 mM Cu-MH plate, more 
than 90% of the seeded viable cells grow into visible colonies, including very 
small ones. Most of them carry a number of small white papillae, brown papillae 
also appearing on many colonies sooner or later. The brown papillae are composed 
of cells which grow into Rjp-type colonies when transferred to fresh copper agar 
plates. Hence the parent cell has a very high probability of producing R)p-type 
cells in its clone growing on the copper medium as papillae, whereas the probability 
of producing the Rjp-type colony itself is extremely small. 

Hence the development of parent cells on the copper plate and the production of 
papillae therefrom was followed using a microscope. A slide glass with a hole, 1 cm 
in diameter, was placed on another ordinary one. The well thus formed was half 
filled with 1.2 mM Cu-MH agar, and parent cells were spread on its surface. A 
cover slip was placed to cover the hole, and was fixed with dots of paraffin to keep 
the inside aerobic. In this preparation, each cell and the micro-colony growing from 
it could be recorded and identified during the whole period of development, by the 
combined use of mechanical stage and checkered ocular micrometer. 

Many of the seeded cells budded at first, but the budding decreased gradually. 
Few cells produced more than three daughter cells. The newly produced cells also 
lost the budding activity with time. Perhaps they were injured by copper which 
was penetrating them. Only the young cells, and even only a limited number of 
them, produced buds. So the growth rate of micro-colonies became very small*, 
they taking irregular ramified forms. 

Methylene blue disclosed that most of old cells were dead. The number of living 
cells decreased, as shown in the curve C, Figure 2, the death rate** perhaps surpassing 
the growth rate as referred to living cells. Colonies stopped growing when none 
of their young cells produced new buds, thus leaving dead colonies of various micro- 
SCOpic Sizes. 

Many micro-colonies, however, continued their very slow growth. Then, in one 
of these micro-colonies, a group of cells was found in which cells did not lose the 
budding activity so fast as before. This cell group grew rapidly, since most of the 
cells continued budding. It grew forming a smooth round outline, to develop into 
a papilla later. It was difficult to determine whether the “ generation time”’*** of this 


* The growth rate was very small even when it was referred to the living cells, instead of 
total (living and dead) cells. 
**k Number of death per unit time, per living cell. 
*** BKither the period from the birth of a cell to the bud formation by this cell, or the period 


from the formation of a bud to that of the hext bud by a cdll. 
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new type of cells was shorter than that of the original type, but it seemed certain 
that the larger rate of growth in the new type of cells was mainly due to their lon- 
gevity. 

It was thus observed how papillae originated in a micro-colony growing froma 
parent-type cell. However, since the plate was thin and the colony density was 
high, the papillae did not grow large enough to be differentiated in color, white or 
brown. So, it may not be justified to state that the development of brown papillae 
was actually observed under microscope among multitudes of white ones. 

When cells of white papillae were spread on copper agar medium, percentage 
occurrence of large colonies was higher than when parent cells were seeded. But 
the colonies were mostly irregular in shape. 

Hence, the cells of white papillae are considered to be not fully but intermediately 
resistant. However, the resistance of such cells was not stable enough to permit 
more precise studies. It is not yet known either whether the Rjp-type cells are pro- 
duced solely from cells having an intermediate resistance, or whether the direct 
change from the parent-type to the Rjp-type is possible. 

The microscopic observation reported above has shown the clonal basis of the 
gross phenomena represented by the curve C, Figure 2, and the curves C and D, 
Figure 3. However, there may be some difference in the growth process according 
to whether the medium is solid or liquid. One point to be mentioned is that the 
clones of inoculated cells have more chance of producing independent resistant clone 
in the solid medium than in the liquid one, because, in the latter, the resistant cells 
which are formed early may multiply so much as to leave no room for later for- 
mation of resistant cells in other clones. 


Discussion 


Various types of colonies grow from the parent strain plated on 1 mM Cu-MH 
agar. When cells of these colonies are transferred to fresh copper media, they grow 
with various degrees of ease, but more easily than the parent cells. Among such 
varient cells, the Rm-type has a tendency to overgrow the other in 1 mM Cu-MH 
medium. So the substrain, Rj, is easily established and sustained in the copper 
medium. It is stable also for a considerable number of subcultures in non-copper 
media. Hence Ry, is chiefly used at present for studies of copper vesistances 

The genetical nature of Ry, is not yet quite clear. Results of tetrad analyses 
of hybrids between Rj, and its parent strain, and those between Rj), of a strain 
and other untrained strains,» were more complex than in the casel0) where an 
untrained resistant strain was crossed with other sensitive strains. 

Let Ry be assumed a mutant. Then, copper may appear to be essential 
in causing the mutation, since the colony grown from a parent cell has a very 
high chance of producing papillae of Rp cells, in spite of that the presence of Rip 
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cells can not be proved in the parent population. But the spontaneous mutation 
and selection hypothesis can also hold: The presence of cells with intermediate 
degrees of resistance suggests the multistep pattern of the resistance. Rj, may be 
established through repetition of selection of a more resistant mutant, followed 
by further spontaneous mutation of the selected. In this case, the chance of an 
Ry» cell being found in the parent population should naturally be extremely low. 

However, even if the multistep idea is adopted, a possibility still remains 
that copper is effective, or even essential, in some steps of mutation. A possibility 
is not rejected either, that the one-step mutation from the parent type to Ry, occurs 
in the copper medium. 


If, on the other hand, Ry, is assumed to arise solely through phenomic adapta- 
tion, the intracellular factor (or condition) which governs the mechanism(s) of 
copper resistance should be permanently modified during a single passage through 
the copper medium. The present case differs from those of Oxford authors!) who. 
found that repeated training was necessary to stabilize the acquired resistance. 

It was observed under microscope that, in copper media, the growth rate as. 
referred to the number of viable cells increased when cells were produced which 
did not lose budding ability so soon as sensitive cells. By unpublished experi- 
ments it was found that Ry, was sensitive to copper, even as sensitive as the parent 
strain in some cases, when the medium was deficient in any one ingredient of the 
minimal synthetic medium. Studies on the resistance mechanism, which was partly 
suggested by Naiki e¢ al.3’, will be reported elsewhere. 


Summary 


1. The substrain, Rj, obtainable by training the parent strain on 1 mM copper 
medium, forms round and smooth brown (viz. the Ry-type) colonies on 1-2 mM 


copper agar. On this medium, the parent strain grows irregular colonies carrying ' 


white and brown papillae. The latter papillae contain cells of the Rj,-type. 

2. Even after serial subcultures in the normal medium, Rj, forms the Ry-type 
colonies on the copper medium. However, a little deadaptation was disclosed when 
the resistance test was made with higher concentrations of copper. 

3. Selective growth of cells of intermediate resistance, as well as of Ryp-type, as. 
observed when the parent strain was inoculated in a liquid copper medium. 

4. The clonal occurrence of resistance could not be observed in the parent strain. 

5. Many of the clones of parent cells spread on 1.2 mM copper agar can continue 
to grow very slowly, older cells losing their budding ability almost as rapidly as new 
ones are produced. When cells are formed which do not lose the budding ability 
so soon, the group of such cells grows rapidly and forms a papilla. 


ay 
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In some plants the dorsiventrality of leaves, expressed in the distribution of 
‘stomata and assimilating parenchyma, is determined by their situation with respect 
to the direction of external factors. Some conifers, Thujopsis dolabrata, Chamaecy- 
paris obtusa, Podocarpus imbricata, etc. (3, 4,5,6,7,9,11), have assimilating organs, 
whose dorsiventrality is determined by the direction of incident light. Gravity as a 
determining factor was reported previously by the senior writer in Iris japonica (8). 
Dorsiventrality can be readily recognized from the different color of the upper and 


lower leaf surfaces. It is rarely found in Iris species having equitant leaves, 


which usually have an isobilateral structure. But such cases of dorsiventrality 


were later found in 5 species; they are described in the present paper. 
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I. Anatomical observations 

I) Iris formosana Ohwi. 

The species was first collected by Dr. Jisaburo Ohwi in Formosa in 1934 (12). 
It is similar to lris japonica but is larger in size, and it bears fewer flowers on an in- 
florescence and is fertile.* The upper surface of the leaf is dark green whereas 
the lower surface is waxy and glaucous. The collateral fibrovascular bundles do not 
occur in pairs but occur alternately. In the distribution of the conductive strands 
no dorsiventrality was found. Only a very few stomata are found on the upper 
surface, but many short cells occur here among the longer epidermal cells (Plate XIX, 
Fig. 5a). As previously reported (8, 10), the short cells are rudiments of stomata. 
The cell layer beneath the epidermis of the upper side has relatively small inter- 
cellular spaces. On the lower surface many stomata and a small number of short 
cells are found (Plate XIX, Fig. 5b). The subepidermal cells are cocoon-shaped with 
large intercellular spaces between them. 

2) Iris Rossii Baker. 

For this material we are indebted to Mr. Taketo Mizoguchi, who collected the 
plant near Beppu in North Kyushu. 


Fig.1. Transverse sections of Tris leaves, anatomical upper surface shaded, 
x unpaired vascular bundles. A: Iris Rossii. B: Iris uniflora. C: Iris 
Wilsoni. D: Iris Bulleyana. A and B x ca.50. B and C x ca.40. 


* Iris japonica has 54 chromosomes in somatic cells and, being a triploid, does not set seeds. 
A very similar plant was collected by Yu, Ching-jang in Central China, which had 36 chro- 
mosomes in somatic cells (17). The leaf structure coincided entirely with that of Iris japonica. 
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The leaf is thin and is strongly striated. The species is similar to Iris japonica 
and formosana in the arrangement of the conductive strands which do not occur in 
pairs but occur alternately; no air channels are found in the mesophyll (Fig. 1, A). 
The epidermis of both sides is very wavy (Plate XIX, Fig. la). Stomata are almost 
entirely restricted to the lower surface while on the upper surface a small number 
of short cells are found (Plate XIX, Fig. 1b). 

3) Iris uniflora Pall.* 

For this material we are indebted to Mr. Ryuhon Saito who kindly collected 
the plant upon our request in middle Korea. In a cross section of the leaf, major 
collateral fibrovascular bundles stand in pairs, between which minor unpaired bun- 
dles are found on the upper side (Fig. 1,B). Between the large vascular bundles air 
channels are formed. The upper leaf surface is dark green and has scarcely any 
stomata (Plate XIX, Fig. 2a). In contrast to Iris formosana and Iris japonica, short 
cells are scarce on the upper surface. The lower leaf surface is glaucous and has 
many stomata (Plate XIX, Fig. 2b). The subepidermal layer is rich in intercellular 
spaces. 

4) Iris Wilsont Wright and 5) Jris Bulleyana Dykes. 

These two are species from south-western China. We obtained herbarium ma- 
terial and viable seeds by the courtesy of Dr. M. Reed, Brooklyn Botanic Garden, 
U.S.A. , 

The two species are very similar in their anatomical leaf features. The distri- 
bution of the conductive strands is similar to that of Jris uniflora, having paired 
vascular bundles and a small number of unpaired ones on the upper side (Fig. 1, C, 
D). The stomata are restricted almost entirely to the:lower surface. Rare short 
cells are found on both surfaces (Plate XIX, Fig. 3a, b; Fig. 4a, b). 

With the exception of Ivis japonica and Iris Rossii all species have papillae on 
the epidermal cells, which are especially conspicuous on the lower surface (Plate XIX, 
Fig. 2b, 3a, 3b, 4b and 5c). 

II. Physiological observations 

Observations and experiments were performed to investigate the factors which 
induce the dorsiventrality of leaves. Mainly, Iris japonica, Iris formosana and Iris 
uniflora were used as materials. In the mode of dorsiventrality induction two types 
could be distinguished. 

a) Labile induction 

The dorsiventrality of a newly developing leaf can be easily inverted by the 
reversal of the direction of the controlling external factors. In a vertical position 
the developing leaf becomes isobilateral with stomata on both surfaces. When the 
plant is fixed in an inclined position the stomata and spongy parenchyma develop 
on the surface directed downward whereas on the opposite side many short cells 


* Synonym. Iris ruthenica Ker-Gawl. var. nana Maxim. 
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and few stomata are formed. By repeated reversals we can obtain plants, whose 
leaves have a reversed dorsiventrality. Seen from one side, some leaves appear 
dark green while others are pale green. A leaf, which has areas with and without 
stomata side by side on one surface, can also be obtained. Iris formosana and Iris 
japonica belong to this type. The inducing factor is gravity, and light, so far as 
the experiments indicate, has no significant rdle in induction (8). One experiment 
with Ivis formosana will be mentioned here. 

Vigorous plants with developing leaves were transferred to a dark room and 
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100 


Number of short cells 
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100 


Number of initial cells 


Distance from leaf tip in cm. 


Fig. 2. Distribution of stomata, short cells and initial cells in a leaf, 
which was fixed in inverted position for 54 hours while develop- | 
ing in the dark room. Jris formosana, Solid line initial upper 
surface, broken line lower surface. 
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kept in an inverted position by fixing the basis of the plant with metal forks. After 
having been left in the dark for 54 hours they were returned to the initial position 
and grown in day light. When the developing leaves had attained. their full size, 
the distribution of stomata and short cells was observed and the average size 
of the epidermal cells was established from the tip to the base in intervals of 1 cm. 
The observations carried out on one plant are represented in Fig. 2. The initial 
length of the leaf was 13.7 cm and it became 15.8 cm in the dark room. The final 
length was 44.7 cm and the leaf blade was somewhat constricted in the middle por- 
tion, indicating that the expanding growth of the leaf was somewhat inhibited by 
darkness. As the ultimate density of cells per unit area may be modified by the 
subsequent expanding growth, the number of stomata and short cells observed were 
corrected by the size of the surrounding epidermal cells to make clear the mode 
of differentiation in young epidermal tissue.* The distribution of the stomata shows 
a completely inversed dorsiventrality in a portion between 10 and 13 cm from the 
leaf tip. The number of stomata is strikingly reduced on the initial lower surface, 
which was directed upward in darkness and markedly increased on the opposite 
surface. On the other hand, the short cells increased on the former surface and 
decreased on the latter. In the transition zone various types of intermediate struc- 
tures of stomata and short cells are found, indicating the homologous nature of both 
cell types (10). An initial cell can differentiate into a short cell or two guard cells, 
according to its direction in relation to gravity. The initiation of initial cells is 
influenced by the action of gravity, and they are formed in larger numbers on the 
surface directed downward. 

The inversion in the distribution of initial cells on the experimental leaf reaches 
nearer the leaf basis than that of stomata (Fig. 2). The behavior is the same as 
in Iyis japonica (8). 

The seedlings of fris formosana are prostrate and gravity acts only in one direc- 
tion. Several first leaves are slightly dorsiventral, having more stomata on the 
lower than on the upper surface. In the following leaves the dorsiventral charac- 
ter is gradually intensified up to the 4th or the 5th leaf, in which final structure is 
attained. 

b) Stable induction 

To this second group belong Iris uniflora and Iris Rossii. In this group, once 
the dorsiventrality is established, it cannont be influenced by experimental treat- 
ment. Not only the developing leaf but all leaves, which later develop, retain the 
same dorsiventrality as the older leaves, irrespective of the inclination of the plant 
to the vertical line. Whether the lateral shoots of higher order which may develop 


i The relative size of epidermal cells was determined, taking their average size on the lower 
side at the leaf tip as a unit. The number of stomata and short cells at each point of Fig.2 


hes obtained from the observed number multiplied by the relative dimension of the epidermal 
cells. | 
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long after the fixation in inverted position, may also retain the same dorsiventrality 
as the mother axis, could not be decided, as our experiments lasted only about a 


half year. 
Table 1. Number of stomata per mm2 in seedling leaves of Iris uniflora, 
average of ten observations. 
whl Na) shoot of ne 
Plant Surface Main axis : = = eet 

first leaf second atl third leat 

4 I 157+4.6 1311.9 il/faersiyte) 111+8.6 

II 167+9.8 Si be 3) 122+6.7 Dao, 

J 186+6.0 192+ 5.8 19448. 2 53+3.8 

“3 Il 184+7.0 126+ 5.6 42-+6.2 144-46.5 


Leaves on the main axis of a seedling of Jvis uniflora are erect and do not 
show any sign of unequality of both surfaces. 
distinctly dorsiventral leaves. 


The lateral branches, however, have 
Individual branches are not dorsiventral in the same 
sense, as shown in Table 1. The arrangement of leaves and shoots of a seedling 
is given diagrammatically in Fig. 3. In the early stages of development, the plane 


ungSaey SSE 


Fig. 3, Diagram of ad in a seedling of Iris 
uniflora, anatomical upper surface solid black, 
p, prophyll. 


of a lateral shoot is almost parallel but slightly oblique to that of the mother axis 
(13, 16). The leaf side of a lateral shoot which stands nearer to the mother axis, 
becomes the anatomical upper surface, and the opposite side becomes the lower 
surface. Induction occurs, even if the basis of the plant is deeply covered by soil 
at a very early stage of germination. As the determining agency there is no reason 
to assume any external factor other than gravity. A slight inclination of the initials 
of the lateral shoots may induce dorsiventrality of the growing point from which 
the following leaves are developing. Also Ivis Bulleyana and Iris Wilsoni do not 
show any dorsiventrality in the main axis of the seedlings. In all probability these 
two species belong to the second type of induction although we could not perform 
any detailed experiments. 
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Discussion and Summary 


In all Jvis species with unifacial leaves the rhizome lies in the soil horizontally 
and is distinctly dorsiventral. In most of them, the foliage shoots with equitant and 
isobilateral leaves which stand erect, both leaf surfaces being exposed equally to 
light and gravity. However, some species, for instance, Iris gracilipes A. Gray, 
Iris tectorum Maxim., etc. have plagiotropic shoots which do not show any anatom- 
ical unequality of the surfaces of their leaves. 

In the species described in the present report a structural dorsiventrality was 
found. In Iris formosana the seedling has, except for the first 1 or 2, dorsiventral 
leaves. The dorsiventrality can be inverted by changing their direction in relation 
to gravity, as in Ivis japonica. In Iris uniflora and Iris Rossii the seedling is not 
dorsiventral but the lateral shoots are distinctly so. Once established, this dorsi- 
ventrality cannot be inverted by changing the direction in respect to external fac- 
tors. The growing point seems to be determined dorsiventrally and it gives rise to 
leaves with unequal surfaces. In this case also gravity seems to have the deter- 
mining réle. In the mode of induction Jyis Wilsonz and Iris Bulleyana seem to 
belong to the stable type. 

It is noteworthy that all the above species are members of Asiatic flora. They 
belong to the section Apogon except Ivis japonica and Iris formosana, which are 
representatives of the section Evansia. The taxonomic or systematic significance of 
leaf dorsiventrality cannot be evaluated until more Jyis species are thoroughly exa- 
mined. In literature the indications are that many have leaves with unequal sur- 
faces.* 

The ,causal sequence of aitiogenous induction of dorsiventral differentiation of 
the leaves is yet obscure. The unequal distribution of food materials and some 
determining hormones may probably be the factors which cause the unequal differen- 
tiation, as can be assumed from the eccentric growth in the thickness of the in- 
clined trunks or lateral branches in many plants (14, 15). 

For the materials used in the present study we are indebted to Dr. M. Reed, 
Brooklyn Botanic Garden, U.S.A.. Dr. Yu, Ching-jang, Dr. Shoichi Tanaka, Mr. 
Ryuhon Saito and Mr. Taketo Mizoguchi. We wish to express to all the above 
mentioned persons our sincere thanks for kindly supplying the rare plant materials. 


* In “The Genus Iris” of Dykes, the remark, “Upper side glossy and lower side glaucous ” 
is found in the description of leaves of Iris Forrestii, I. Clarkei, I. bracteata and I. graminea 
(2). That the assimilating parenchyma differs on both surfaces in Iris Douglasiana is shown in 
Fig. 9 of Plate 80 in “ Monocotyledons” of Arber (1). 
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Plate XIX. Epidermal tissues of Jvis leaves. 
Fig. 1. Iris Rossii. 
Fig. 2. Iris uniflora. 
Fig. 3. Jris Wilsoni, from herbarium material. 
Fig. 4. Jris Bulleyana, from herbarium material. 
Fig. 5. Iris formosana. 


a: upper surface, b: lower surface, c: lower surface, 
mounted with small quantity of water to make the 
papillae of epidermis clear. x ca. 150. 


S. Imamura and M. Hida: Dorsiventral structure of unifacial leaves in several 
Iris species. 
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Since the technique of paper chromatography was first introduced by Bate- 
Smith (1, 2) into characterization of natural anthocyanins, remarkable progress has 
been made by succeeding investigations of several workers (3-6). Though modern 
procedure in these experimentations proved to be an effective tool for prompt deter- 
mination of sugar-free pigments, yet something seemed to be still required for the 
correct determination of individual glycosides, especially of their glycoside types. 
In the course of our studies on paper chromatography of natural anthocyanins, we 
have found that a diglycoside in general is partially hydrolyzed to give monoglyco- 


* Contribution from the National Institute of Genetics (Mishima), No. 131. 
** Part XXVIII of this series: cf. Bot. Mag. Tokyo 69: 227 (1956). 
*** National Institute of Genetics, Mishima, Shizuoka Pref., Japan. BAe fS ~oTseAt 
*e** Prasant address (K. H.): Botanical Institute, Faculty of Science, Tokyo University of Edu- 
cation, Ohtsuka, Tokyo. HRRABRYRSREDZAS ‘ 
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side on treatment with acid under mild conditions and that the reaction process can 
be traced distinctly on the chromatogram. 

On the other hand, the analysis of natural anthocyanins by means of paper 
chromatography, which was previously described by us (4), has been improved 
further by application of several new solvent mixtures. 

Present paper deals with these subjects aiming at better application of the 
chromatographic technique necessary for the identification of natural pigments. 

Our foregoing surveys on anthocyanins appearing in red autumnal leaves (7) 
and also in a number of flowers and fruits of alpine plants in Japan (8) were 
carried out throughout under application of the results descreibed herein. 


Methods and Results 


I. Characteristic behavior of several solvent mixtures 

In order to obtain a sound basis for the identification of naturally occurring 
anthocyanins, further examinations were made using several solvent mixtures of 
excellent quality as shown in Table 1. In this experiment, following anthocyanidins 
and anthocyanins were used as standards: Aglycone—pelargonidin, cyanidin, peonidin, 
delphinidin, and malvidin; 3-monoside—chrysanthemin, idaein, empetrin, and delphi- 
nidin 3-glucoside* ; 3-bioside—lycoricyanin and keracyanin; 3,5—dimonoside—pelar- 
gonin, cyanin, peonin, malvin, and delphin*; complex glycoside—ensatin, shisonin, and 
nasunin. 

Preparation of each original solution was made by dissolving a crystalline sample 
in cold 1% hydrochloric acid in a concentration of about 0.1%. Because of the 
sparing solubility, cyanin, delphin and 3-rhamnoglucoside of delphinidin were 
dissolved nearly to saturation by warming ona water bath. The cooled solution was 
spotted as usual on Téy6 No. 50 filter paper. Prior to irrigation, the paper was 
saturated with solvent vapor after standing for 24 hours in a chromatographic 
chamber. The chromatogram was developed all the time by one-dimensional ascend- 
ing method at 25°+2°C. 


Table 1. Solvent mixtures used in the present experiment 
(Prepared at 25°C. and preserved for 24 hrs. 
at the same temperature before use) 


Designation Composition (v/v) Fraction used Available for 
Pro-H iso-Propanol/5% HCl (55: 45) Aglycone 
Ac-H Acetone/5% HCl (1: 1) ” 

AA-H (5, 1,5) AcOH/36% HC1/H20 (5: 1: 5) " 

AA-H (3 e8) " CSE ITES) Glyc.& Agl 
isoA-H (21: 5: 4) iso-AmOH/36% HC1/H20 (21: 5: 4) org. layer ” 
Bu-A n-BuOH/AcOH/H20 (4: 1: 5) ” Glycoside 
Bu-H n-BuOH/36% HC1/H20 (7: 2: 5) ” Glyc. & Agl 
CreA m-Cresol/AcOH/H,0 (50: 2: 48) ” Glycoside 

Phen Phenol/H20 (9: 1 in wt. ) ” 


* Kindly sent by Sir R. Robinson. 
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As previously reported, the pigment spots on the chromatogram show more or 
less characterstic features with respects to coloration, fluorescence, and color reac- 
tions (cf. (4)), but a conclusive determination of pigment component cannot be 
achieved with these alone. However, fluorescence is in some cases quite useful, 
because 5-monoglucoside of pelargonidin, peonidin, and malvidin, which are pro- 
duced by partial hydrolysis as stated below, are characterized by their conspicuous 
fluorescence under ultraviolet light, which is not the case with 3-monoglucosides of 
these anthocyanidins. The 3,5-diglucoside of pelargonidin (pelargonin) shows an 
intense yellow fluorescence on the chromatogram, 

On the other hand, R¢ value furnishes an effective index in the identification of 
individual pigments, and the following results should be referred to. The R; values 
of pure samples of natural anthocyanins and anthocyanidins were carefully estima- 
ted using different kinds of solvent mixtures shown above (Table 1). The values, 
which are the mean of five or more replicates fluctuating only in a range of 
+0.02-0.05, are plotted in Fig. 1, in which one can observe interesting relationships 
as follows: An increase in number of hydroxyl groups in the side benzene ring 
causes a considerable decrement of R; value, while reverse is the case with methyl- 
ation, as previouly stated by Bate-Smith ef al. (2). As regards sugar attachment,. 
increasing number of sugar residues results in a decrement of R; values when deve- 
loped with alcoholic as well as phenolic solvents, whereas the relation is quite 
reverse with aqueous solvents, e.g. AA-H(3, 1, 8), and formic acid—hydrochloric acid.* 

For practical purposes, it may be useful to note here some properties of im- 
portant solvent mixtures: 

1. Pro-H (iéso-propanol/5% hydrochloric acid)—This solvent is highly effective 
for the separation especially of pelargonidin and peonidin, which are scarcely dis- 
tinguishable from each other with usual solvents. Shift of R¢ value in accordance 
with the degree of hydroxylation and methylation as stated above is clearly demon- 
strated with this solvent. 

2. Aec-H (acetone/5% hydrochloric acid)—Good for distinction between peoni- 
din and malvidin, but sometimes, an appreciable fluctuation in R; values may be 
encountered owing probably to the volatility of the organic component of this 
solvent system. 

3. AA-H(5,1,5) (acetic acid/hydrochloric acid/water) —Distinct separation of 
pigments including both anthocyanidins and anthocyanins can be achieved with this 
solvent; especially good for aglycones in general. Degree of resolution is quite 
similar to that of the Forestal solvent (AcOH/conc. HC1/H20, 30:3:10 in vol.) of 
Bate-Smith (3). 

4. AA-H(3, 1, 8) (acetic acid/hydrochloric acid/water)—While the resolution 
by this solvent is almost the same as that of the above, this seems to be better for 


* 80% HCOOH/36% HCI/H20 (5:1:4, v/v) by T. Endé (Handbook of Biological Experiments, 
VIC, 63 (1954)). 
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Fig. 1. Graphic representation of R¢ values of anthocyanins and anthocyanidins showing 
their characteristic behaviors towards various kinds of solvent mixtures 
Rp value 
256 
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Abbreviations: Pl pelargonidin, C cyanidin, P peonidin, D delphinidin, M malvidin: 
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AA.H(3,1, 8) 


Pl Cc F D ui Pl Cc P D uM 


Abbreviations (continued): S shisonin (/-hydroxycinnamoyl-cyanin), N nasunin (p-hydro- 


oxycinnamoyl derivative of ‘delphinidin 3-diglucoside), E ensatin (p-hydroxycinnamoyl 


derivative of malvidin 3-diglucoside), @3 3-monoglucoside obtained by partial hydrolsis, 
@5 corresponding product of partial hydrolysis; Pro.H, AA.H(5, 1,8), ete. : see Table 1. 
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the study of glycosides, because its lower range of R;¢ values is convenient for practi- 
cal use. This is available also for the discrimination of anthocyanins belonging to 
3-rhamnoglucosides. 

5. isoA-H(21, 5,4) (éso-amyl alcohol/hydrochloric acid/water)—Degree of hydr- 
oxylation in sugar-free pigments as well as number of sugar residues attached to it 
are clearly indicated by this solvent, although the R; values of glycosides are usually 
small and the spots of aglycones become more or less elongated. 

6. Bu-A (butanol/acetic acid/water)—This solvent has the same composition 
as that described by Bate-Smith (1, 2). It distinctly resolves the degree of hydroxy- 
lation and glycosidation as well, giving clear-cut and compact spots of glycosides, 
whereas spots of the aglycones are apt to undergo decolorization. 

7. Bu-H (butanol/hyrochloric acid/water)—Clear-cut results are obtained by 
this solvent in the analysis of some products of partial hydrolysis, when applied in 
parallel with the solvent AA-H (3, 1, 8). 

8. Phen and Cr-A (phenolic solvents)—Presence or absence of methoxyl group 
is clearly indicated by these solvents, as demonstrated by Bate-Smith (2) in the 
case of cresol/acetic acid/water (50:2:48). Besides, it is noteworthy that in 
cyanidin derivatives the R;¢ value of 3-monoglucoside is lower than that of the 
corresponding galactoside, and reverse is the case with Bu:H ann Bu-A. 


II. Paper chromatographic test on products of partial hydrolysis 


A solution of a glycoside in 1% methanolic hydrochloric acid was mixed with 
equal volume of 20% aqueous hydrochloric acid and heated on a water bath at 
70°C. During hydrolysis a small portion of the reaction mixture was sampled out 
at regular intervals and was spotted in duplication on a large sheet of chromato- 
graphic paper. Then the chromatograms were developed with different kinds of 
solvent mixtures, e.g. Bu-H and AA-H (3, I, 8). 

The experiments showed that the hydrolysis proceeded somewhat slowly and was 
completed after about two hours. Whole process of the reaction is shown in Table 
2 and Fig. 2, in which following samples are included: 3-glucoside of cyanidin and 
delphinidin, 3-galactoside of cyanidin, delphinidin, and malvidin (Table 2a); 3-gluco- 
xyloside and 3-glucorhamnoside of cyanidin, and glucorhamnoside of delphinidin 
(tulipanin*) (Table 2 b); 3,5-diglucoside of pelargonidin, cyanidin, peonidin, delphini- 
din, and malvidin (Table 2 6) 

That the middle two of the four anthocyanin spots in Fig. 2, namely No. 2 
and No. 3 from the top, are nothing but 5-monoside and 3-monoside, respectively, is 
confirmed by the following experiments : 

(a) During the course of mild hydrolysis of dimonoside, four anthocyanin spots 
appeared in general; among them, spots No. 1 and 4 (Fig. 2b) proved to be those 


* This new glycoside was isolated by Dr. M. Shibata (To i i 
y e .M. yama University) from th t 
of a tulip variety (“Queen of the Night”). CBot. Mag. Tokyo. 69: 462 abies oe 
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of aglycone and unchanged glycoside, respectively, by comparison of these with 
authentic specimens by reextraction and chromatographic treatment of the former. 

(b) The spot No. 3 was ascribed unequivocally to that of 3-monoside, because 
the authentic specimen of the corresponding glycoside gave quite identical spots as 
regards Rs value and color reactions on the chromatogram. In fact, this was shown 
by careful comparison of the spot produced from either cyanin (3,5-diglucoside of 
cyanidin) or delphin (3,5-diglucoside of delphinidin) by partial hydrolysis with that 
-of the corresponding 3-monoside, namely chrysanthemin and delphinidin 3-monoside. 
Accordingly, it follows that the remaining spot No. 2 should belong to a product 
having 5-monoside structure. Because of the absence of standard sample available 
for comparison, further proof could not be obtained. 

(c) The fact stated above is clearly demonstrated in the case of pelargonin, 
z.€. 3,5-dimonoside of pelargonidin. On mild hydrolysis it gave four pigment spots 


Table 2. Pigment spots produced during partial 
hydrolysis of glycosides 
a) 3-Monoside 
veel ae 3 Mond= 
F hexoside Aglycone | 
drol | ce 
iets | (original) 
20 ++4+4++4+ = 
| 40 +++ ++ 
60 +--F Seeieeia 
90 | Ze Fea ae 
120-150 - Searde sess 
| } 
b)  3-Bioside (glucopentoside) 
Notte son 3-Gluco- iH 
: Pentoside 3-Mono- glycone 
i ea (original) glucoside 
10 qPoRaE Sc at 
20 ale Aaa aE 
40 as SPP ae ae = 
60 cE qeue qe aaa 
90 = oe +4+4++ 
120-150 = = Aes ei lel 
c) 3, 5-Dimonoside 
Duration nal A ont Ee 
of iglucoside —Mono- -Mono- 
hydrolysis (original) glucoside glucoside Aglycone 
(min.) 
20 Hades aah as ee ae - 
- 40 =f aE tS de 
60 ae ce Ge -- = 
90 + =" ai segs 
120-150 - a = Sse ee ole 


Wf 31 4 12R 
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Fig. 2. Paper chromatograms of the products of partial hydrolysis 
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as usual. Among them, the spot No. 2 was characterized by its yellow fluorescence 
under ultralviolet light, while the spot No. 3 did not show any fluorescence at all. 
According to Willstatter (9), yellow fluorescence can be observed in 5-monoglucoside, 
but not in 3-monogluceside, of pelargonidin. Therefore, the two pigment spots No. 
2 and 3 in question may safely be interpreted as represented by a 5-monoside and 
3-monoside, respectively. . 


Summary 


1. In order to qualify the properties of useful solvent mixtures, paper chromato- 
graphic examinations were carried out using authentic samples of various anthocya- 
nins. As illustrated in Fig. 1, interesting relationship was found between R¢ values 
and pigment structures. 

2. Interesting also is the fact that diglycosides are degraded stepwise into 
monoglucosides, when treated with warm hydrochloric acid and the resuts can be 
clearly demonstrated chromatographically. Thus, the glycoside type of anthocyanins 
is indicated by paper chromatographic examination of the products of partial 
hydrolysis. 
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Figs. 1~10. Somatic chromosomes of Japanese Cichorieae, x 1300. 
1) Picris japonica, 2) Taraxacum japonicum. 3) Hieracium japonicum. 4) Hololeion 


Krameri. 5) Crepidiastrum Keiskeanum. 6) C. platyphyllum. 7) Ixeris dentata. 
8) — var. amplifolia.. 9) I. nipponica. 10) I. dentata var, alpicola. 
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Figs. 11~16. Somatic chromosomes of Japanese Cichorieae. 
12) Lactuca indica var. elata. 
15) Paraixeris denticulata. 


11) Ixeris tamagawaensis. 
14) Youngia japonica. 
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Photo. 1~4. Somatic chromosomes of 1) Lactuca Raddeana, 2) Crepidiastrum 
Keiskeanum, 3) Ixeris dentata, 4) -——— var. alpicola, x 1300. 
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Summary 


1) The karyotypes of 13 species and 4 varieties of Japanese Cichorieae are 


reported. 


The results are as follows: 
1. Picris japonica Thunb. 
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2. 


var. alpina (Koidz.) Ohwi 

K(2n)=10=2A™-+ 2tBst+-2Cst42Dst + 2st 
3. Taraxacum japonicum Koidz. 

K(2n)=16=2csAsm 4+2Bsm 4+2C,sm 4+2C.m+42D sm 4 2csD,sm -2Esm + 2Eysm 
4. Hieracium japonicum Franch. et Sav. 

K(2n)=18=2A™+2B\s™ + 2Bosm +4 2tB3sm 4-2B,sm 4+2tCsm 42D, sm 42D,st+ 2Esm 
5. Hololeion Krameri (Franch. et Sav.) Kitam. 

K(2n)=16=2As™ 4-2B,sm +2Bosm 4-2tCysm +2C,sm + 2Cysm +2D,m42D,sm 
6. Crepidiastrum Keiskeanum (Maxim.) Nakai 

C. platyphyllum (Franch. et Sav.) Kitam. 

K(2n)=10=2As™ +4 2Bst4-2Cst-+4+2Dst+4+2Esm 

8. Ineris dentata (Thunb.) Nakai 


9. var. amplifolia Kitam. 
K(2n)=21=3csAm+3Bsm +3C,sm +6C,sm +3Dm-+ 3Est 
10. var. alpicola (Takeda) Ohwi 


11. J. nipponica Nakai 
K(2n)=14=2csAm+2Bsm + 2C)§m 4-4C,sm +2Dm+42Est 
12. J. tamagawaensis (Makino) Kitam. 
K(2n)=16=2csA;™+2A,sm + 2B sm +2B.sm + 2cesCym4+2C2sm 4+2D,sm +2D.sm 
13. Lactuca indica Linn. var. laciniata (O. Kuntze) Hara 
var. dracoglossa (Makino) Kitam. 
15. L. Raddeana Maxim. var. elata (Hemsl.) Kitam. | 
K(2n)=18=2As™ + 2B)st+2Bosm +2tB,m 4+2C,sm + 2C,st-4+-2Dsm 4+ 2E)sm 4 2E,st 
16. Youngia japonica (Linn.) D.C. 
K(2n)=16=cesAsm 4+-2Bsm +-2C ms 4+2C,sm 4+2D)™+4+2D2sm 4+2Esm 4+2D,sm 
17. Paraixeris denticulata (Houttuyn) Nakai 
K(2n)=10=2A™ +2Bs-+2Cst-+2Dst-+-2Esm 
2) Eighteen chromosomes are observed in Hieracium japonicum, while fourteen 
chromosomes were reported previously in this species by Matsuura and Suté (1935). 
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Sakuichi OkABE*: On the Nature of Incompatibility Alleles in Taraxacum 
elatum x T. longe-appendiculatum 
(Self-incompatibility Studies in Taraxacum 1) 
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FP ORAL FEHEME CoS LATLIMAS pans 
5 Ry RRICILHICINS L 5 ICM FOR 
BR OSE LIMOS SRW SySpx SiS3 2370 
LEWES RBEEHT LS. CORRE RIC 
LOAKRO Sy HRCA RREETSHK 
ORE RRFA DAL CWS & LD aR S IVS © 
Gerstel  Parthenium argentatum “G\t 14 #8 
BRO BED 12 ECGHUKCMALK BAD 
Hh DK PNClX Oenothera organensis \< 35 (Emer- 
‘son 1939), TAY 2% 7*#IC 41 (Williams 1939) 
D SHBRFRBAMGSNCWS, FY FRITS 
Nb SIRF OMAEAS RBDIC EOD 5 BO—D 
DMAe MixNy [OFROWBARFAMTET oT 
ATR 


fi By 3 MEH BMOOW HH 8225 


Hg 31 4 12 A 


{RAR YVRRX CAN YA 
Kicslt SFMAEREFORM 


“4 BAA KRY KH CT. elatum Kitamura) (2 
PRE DOAN OMB SDKSNKLOTC, FB 
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culatum Nakai) (t#42:4 HBA CREEL 
RMACCOMBLE < METS. tO F112 fh 
KHREO, SHICMBL MAA 14 AOI 
FHA ZeHER Fo ko TOV ERRRERLEOD 
2 HC, MARR MBLEODE 4 MCh 
Do Fi 23 A,B,C,D D4#hIcGHRE LI Ls 
CWIBIC (SSH OW RFA—O4R< SiS, KO 
S384 DINZHROLOC HIRO LA HS Ch 


Table 2. Compatibilities and incompatibilities in crosses between sibs ex 


Taraxacum elatum x T. longe-appendiculatum and their parents. 


Each count 


represents m2an no. of filled achenes that of at least five heads pollinated. 
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AWICEES 4 MEIER RF Copposi- 
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DMB bhADEC, Gerstel DFNCTEV> 
Sy (2AECH SAMO 3 WRF ISEIC 
ME CFA BIO FID ds 0 FEMORE 
WARES B 2KREBOL SIC) E 
(METME BF I= HHA Too LDS ECS 
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APMC CHRO BORE 
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DAL] HS CITE HC HED EV BB Te 
EBBMHNCL 4S. COL Te RBM 
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iz & LIZ LIZB DT ZR Ch S23, 
4 ORAL * CHAICLE 5 CHES. 
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MIDRO—PRAAEE, BLS > LHRANS 
tc SHBFORRER REN B RA Bt 
Do TC OPBITOW TI Kb LR 
ERR TT > CRAVED So 


z #8 


ARARMEHHILS ¢ OC SNS 
FASChAA, COC RICE 
7ER: (heterostyly) DL 5 RMI 
BOT 
styled) DBAKIIZOWCBZSECE 
t+4, BRAWICRS <bL< HES 
WCWSO(L FNAB, VIRRI GR 
ASO? ARH DC East HHbs< OF 
BIL KO SHRAWNCL SMR 
SHDSRELEWSICH ok, B1IMittoO 
—flE LC >F+ XN ADOMASBMREEL 
CMB ARBRMGLED 6 BCHS—5 — 
Hp Ci SI CW SHA CICILA—O 
BERR IR—O 4 ie <, EO Fy UIE 
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{45 —BCORDMNS 12 fae (3 


homomorphic (non-hetero- 
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aN Nicotiana Sanderae 


Sy , Sp , S3 ? S4 


Ves oo eee 


Cardamine pratensis 

B G b_ g (Correns) 
Si=S2>S3, Sy 

+ + - - 


Parthenium argentatum 
R2>R1, R3>R4(Gerste 1) 
S2>S,= S3>S4 

++ + 4 - 


Taraxacum elatum x 
T. longe-appendiculatum 


S1=S2= S3>S4 
+ +4 - 


Figs. 1~4. Hexagonal diagrams of cross- 


compatibilities and incompatibilities in 1) 
Nicotiana Sanderae, 2) Cardamine pratensis 
(based on Correns 1912), 3) Parthenium 
argentatum (based on Gerstel 1950) and 4) 
Taraxacum elatum x T. longe-appendiculatum. 
= — absolutely compatible, —— compatible 
in two directions, -------- compatible in one 
direction, --:-:- incompatible. — weak, +strong, 
+-+more stronger alleles. 
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FM SNAP OURO eS bbTO 
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JER FORBES SAIhOCEG, CORR 
haploid (gametophytic) pollen control + M¥(z 
IVOODo 

Correns (1912) D»>FRKYTHH (Carda- 
mine pratensis L. DBPL LOCH AB, 
EDIEIRFOPERLF AHO L 5 ICMR LOC 
in < FAD b AC LBERBECHS. Correns 
(x Bb, Gg CRSNAZTERTERICR LC RABE 
RATS 2HOMDEBRFCONRHA LK BR 
MwmizkAZ& BbxGg © F, cli BG, Bg, bG, 
bg © 4HIZMEU, HOBART AT OH8 
EULME Litto TERTBRO RET (Lia AARC 
wERL, SPRACHE LAw, ALA 
PUB BRFOSSARLZNeKETS, COE bg 
PEVADMLOTA TOME METSZOIL bg Clik 
Nicotiana M3 ile haploid pollen con- 
trol ZUAD4THN4ZD5 CHS, COMSAT 
$8 2MiCmaNEL 5 ICA OME IRE 
BUC Lo ChMORME 4 Ze < HHHAL MB 6N44 
DChS. AB 1 MDF 7~BO BF LOBANY 
(RAF RRITF AF CE GS2 & SS, & ORE 
MMA2OEAHO, S, & Sp (TSIM, BID 
diploid control DFvEHS CLA LC LCHSA, 
#3 3 Mik Gerstel © Parthenium argentatum 
Om CRO Fig. 1 LALA BIC LE 
bDCHS. —MIPMICMRELCWZLIIC AR 
DATAEULAID Cardamine NZS ARG, A 
JAR F OTR SAS2 BEE Che < CO CILEHD SOD 
S1=S3>S, OLFic 3 APC ho THO ARwDIC 
CARAZDCHS}o So DUC S), Ss, Sy Txt L 
CREA AL, Sy (23TH BBC St, S, 83 D 
REe IFS S, & GILEOME CABLE 
5S < FHRICE LE 5 IED O-Ghe < Sp ICR 
< Sq ERAS. THEO RCH MMS 
D4 TMU CVS MRF SyS4x SSy Cit 
So DS St OSL CHEECH SEBEL Sp 


HAA 31 4A 12 A 


ORAV AL S1Sy HEHE CHF LBSAUO 
S1S2 x S1S4 CES BIL Sy DBPL TH SRDIED 
(238 Sy OFEBVHDL SS. eMETS OL 
BCE < So 

Hughes } Babcock ® Crepis foetida subsp. 
Rhoeadifolia DAFIG VEDI Parthenium & 
JEMICK MCs 0 TRF ORBRARIL SCS 
<S3=Sy D3 BRC, SS. S283 KOS SpSp 
x SoS4 (LMETSUAAOMAA NLM LB 

SCH 4 Mikey KR MXN, ROTO Fy 
DMB REAR LIL OCHS2:, Parthenium 
> Crepis & 5% Correns ® Cardamine \Cik 
Wo TOG Sy EWA CHhARDMAHE 
at23 Cardamine LO 4 34RD HO, 
TAICANAD SHAE SHAG CS < hha Cl So 8 
PSR RF— Oks RICHROMEA VHA IE SiSyx 
S354 DBoAFSRARC Sy OL 5 RAMRSA 
DRO 25% HAZo elo FHOBSIAGLE 
1 LHR Ch Do 

62 Mb 4 MECCRANKEMMLEOM 


SHRROMBICdk + ClILEHRFOKL tH 


SOHORS ORIBLICL OBDPOBeEE SDL 
C\WAAS, Babcock = Hughes (1950) 23/4 
CWOBL FICAERO 458F ORB RA SIC 
VAo HS 1) one gene with multiple alleles, 
2) independent gene action in the pistil, 3) 
diploid (sporophytic) pollen control, 4) domi- 
nance in the anthers 237M 4 JHB, (20 
HO2TA(L Nicotiana MLBOMACHS, 
Gerstel -P Babcock (ko OF Crepis-Par- 
thenium Ha (LAGI EMA COD, THIF 
BC(k Cardamine (¥d>0 Gig <, RH Chiles 
1930), Capsella grandiflora (Rily 1936), #4 
ty ESB 1944) FIC co OMOARMAEO DZS 
tA hb HbhntI8h, WHE Bateman 
(1955) 4 JIberis amara WEICELD TF HF TBAB 
TNC EME LIZEN5 9 MBH CIE OA 
MSEOMIE SII 4 OOK FF FPA ie 
EK BN THA DIED BPH ONICE 
FODE FOILS 5 ERMOMMIC OCHRE 
ES TH CHW EdD. BLOOMAS 
FAH EME SALIE BILte LA Cardamine Hix zB 
2 THU RBRIWO CLE ODE BS 6 
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Summary 


1. Crosses were made between 17 self-incompatible plants belonging to five 
diploid species of Taraxacum. The existance of a large number of incompatibility 
alleles in genus Taraxdcum is suggested by the occurrence of few cross-incompatible 
combinations (Table 1). ° 

2. Progenies of a cross between two self-incompatible species, T. elatum Kita- 
mura and 7. longe-appendiculatum Nakai were genetically analysed and found to 
consist of four intra-incompatible classes (Table 2). The compatibilities and incom- 
patibilities among these four classes and two original parental plants can be ex- 
plained by a hexagonal diagram on the assumption that a single series of four 
oppositional multiple alleles is responsible (Fig. 4). 

3. Pollen behavior is sporophytically controlled. All the pollen grains from one 
plant act alike and depend on the genotype of its parental sporophyte. In this 
experiment S, is recessive to each of the other three alleles. S,, So and S3 are 
“Strong” and dominant over S;, but each strong allele exhibits equal dominance 
values in the presence of the other. Both S; and S2 pollen grains from a mother 
cell with S, S2 alleles behave equally as S, S». Therefore, plants having one strong 
allele in common are cross-incompatible. 

4. Dominance is not expressed in the pistil. 

5. The self-incompatibility system found in Taraxacum is of the same type as 
that described for Crepis-Parthenium. 
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Summary 


On the sea to the south of Kanto District, from the north to the south, Izu- 


Islands consisting of Oshima, Toshima 


jima, ‘Mikurajima, Hachijoshima, and 


» Niijima, Shikinejima, Kozushima, Miyake- 
Aogashima, lie in sequence covering three 


degrees in the latitude. For several years, the author has collected seed plants and 
ferns distributed over these isles, and made a list of them. He notices that the 
northern elements (plants growing in the northern part or mountainous. region of 
Japan) spread to ‘Mikurajima, while the southern elements (plants in the southern. 
part of Japan or in the subtropical and tropical regions) come up to Miyakejima. 
This fact is probably attributed to the Black Current in the Pacific Ocean. Accord- 


ing to a report, the width ofthe Current is frequently changeable, so that a zone 
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December 1956 Bot. Mag. Tokyo, Vol. 69, No. 822 601 
put between the northern margins of fluctuated Current alters its width from ten to 
several hundreds kilometers, and the both isles of Miyakejima and Mikurajima are 
placed in this zone. The author supposes that the floral elements of these two 
isles were intensely influenced by the changeable Current, in other words, the 
northern elements reached Mikurajima when the Current became minimum, the 
southern elements arrived at Miyakejima when the Current became maximum width, 
and inhabited there respectively in a long past age. Thus, he would suggest to 
call this zone between the northern margins of the Current “Black Current Line”, 


as far as the flora of the Izu-Islands concerned. 
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